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INTRODUCTION 
When feed is ingested by mature ruminants, it passes into the rumen 
where it is subjected to microbial degradation, (in this thesis, rumen 
refers to the reticulo-rumen.) Here much of the carbohydrate portion of 
the feed is converted into volatile fatty acids which are absorbed and 
subsequently utilized by the animal. However, the rumen of the calf is 
non-functional at birth. Moreover, the feed of a very young calf, which is 
either milk or liquid milk replacer, by-passes the rumen due to the action 
of the oesophageal groove which shunts the feed directly into the aboma-
sum via the sulcus omasi. Therefore, it is important to know to what ex­
tent nutrients which escape rumen fermentation are utilized by the bovine. 
Studies with carbohydrates which are fed so as to escape rumen fer­
mentation have, in general, shown that glucose and lactose are very well 
utilized, and that the utilization of maltose is dependent on the age of 
the animal. The degree of utilization of sucrose and starch remains•un­
clear. When blood reducing sugar is used as a measurement of response, 
it appears that starch is poorly utilized and sucrose is not utilized at 
any age. Conventional digestion trial studies, however, have indicated 
that sucrose and starch which by-pass the rumen are utilized to an appre­
ciable extent. Data have been published which indicate that the disap­
pearance in the intestinal tract of sucrose and starch, fed so as to es­
cape rumen fermentation, is due to the action of microorganisms in the 
posterior portion of the intestinal tract. 
The objectives of this investigation were: (a) to develop a method 
for establishing a re-entrant ileal fistula in a young calf, (b) to 
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determine the suitability of polyethylene glycol (EEG) as a marker for 
measuring the digestion of various carbohydrates, and (c) to use the above 
methods for comparing the utilization of sucrose, lactose, and starch in 
the portion of the gastro-intestinal tract posterior to the rumen and 
anterior to the caecum with the utilization of these carbohydrates in the 
entire portion of the gastrointestional tract posterior to the rumen. 
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REVIEW OF LITERATURE 
Utilization, "by the Bovine, of Carbohydrates 
Which By-Pass the Reticulo-Rumen 
Growth studies 
Based on several criteria of response, lactose appears to be the 
carbohydrate of choice for calves when the diet is fed so as to by-pass 
the rumen. Flipse et al. (14) compared the weight gains and feed effi­
ciency of young calves fed milk replacers containing various carbohydrates, 
casein, lard, and minerals. When lactose was included at either 5, 10, or 
30$ of the ration, the calves gained about twice as much weight during a 
31-day period as when the carbohydrate (which was 60$ of the ration) was 
either glucose alone or glucose and corn syrup. The feed efficiency of 
the lactose-fed groups was much higher than that of the other groups. In 
another study (13) these same workers compared weight gains made by nine 
calves on three different rations, each identical to the rations fed 
earlier (14) except for carbohydrate source. One ration contained 15$ 
glucose and 45$ starch. The other rations contained 5$ glucose, 10$ lac­
tose and 45$ starch or corn syrup. The average weight gains, during the 
31-day period, of the calves fed the two rations containing lactose were 
28.3 and 24.7 pounds, compared to 14 pounds gained by the calves fed no 
lactose. The calves which received lactose appeared to be normal and ex­
hibited thrifty general appearance, while the calves that received no lac­
tose voided very soft feces and appeared emaciated and dehydrated. Young 
(44) observed that growth of calves fed various milk replacers, formulated 
from a dried whey product, nonfat dry milk solids, and hydrogenated soybean 
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oil, was equal to or greater than that attained on whole milk. However, 
Holler et al. (29) found that the addition of 3.5$ lactose to an all-
vegetable milk replacer did not result in greater weight gains when com­
pared to the basal replacer alone. The addition of 5$ dried whey to the 
same basal milk replacer resulted in calves with improved general appear­
ance and slightly, but not significantly, greater weight gains. The 
basal milk replacer contained ground corn, soybean flour, distillers dried 
solubles, vitamins, and minerals. 
In the study by Flipse et al. (14), glucose as the sole source of 
carbohydrate in a milk replacer was unsatisfactory. However, the largest 
gains of any groups were made by the calves which received 50$ glucose and 
10$ lactose, with 50$ glucose and 50$ lactose being only slightly inferior. 
In the later study (13), these workers found 5$ glucose and 10$ lactose 
preferable to 15$ glucose as an addition to 45$ starch in a milk replacer. 
Dollar and Porter (10) observed that calves did not grow well up to 
3 weeks of age when fed a skim milk diet containing maltose or dextrins, 
prepared by enzymatic digestion of starch, as an additional source of 
energy. 
Flipse et al. (13) reported average daily gains of about 0.8 pounds 
per day during the first month after birth among a group of calves fed a 
milk replacer containing 45$ starch, 10$ lactose and 5$ glucose. Another 
group that received 45$ starch and 15$ glucose gained only about 0.45 
pounds per day. Holler et al. (SO) fed calves milk replacers containing 
large amounts of starch and observed an increase in daily weight gains 
from about 0.2 pounds per day at 11 days of age to about 1 pound per day 
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at 30 days of age. 
Digestion trials 
Comparatively few lactose digestion trials using young calves have 
"been conducted. Those trials that have been reported have invariably in­
dicated almost complete digestion of lactose when fed at a level similar 
to that in milk. Schantz et al. (38), in a limited study using one calf, 
found that the calf made efficient use of lactose in whole milk. Rojas 
et al. (37) measured the levels of reducing sugars in urine and feces, 
excreted by calves fed whole milk or modified milk diets, as a measure­
ment of utilization of lactose. Calves fed either whole milk or skim 
milk for periods up to 42 days excreted in the urine an amount of re­
ducing sugar, measured as galactose, equal to from 1.1 to 3.4$ of the 
total lactose ingested. No appreciable amount of reducing sugar was de­
tected in the feces When the lactose content of the ration was doubled, 
there was an increase in urinary galactose excretion up to an equivalent 
of 8$ of the lactose ingested. Raven and Robinson (36) fed diets which 
contained lactose as the only carbohydrate to young calves in conventional 
digestion trials. Summation of crude protein, ether extract, lactose, 
and ash in feces from these calves left from 6 to 24$ of the fecal dry 
matter still unaccounted for. It was assumed that this material was some 
non-reducing substance derived from the carbohydrate. Because of this, it 
was decided to express the digestibility of the lactose as digestible 
nitrogen-free extract as in a normal proximate analysis. The digestion 
coefficients for the nitrogen-free extract of these diets ranged from 92 
to 99$, being above 95$ in most cases. Work at Iowa State University by 
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Owen (34) and Huber et al. (21) has shown almost complete apparent di­
gestion of lactose by young calves. In the latter study, when lactose was 
added to whole milk at a level of 10$ of the milk weight and fed to calves, 
the apparent digestion of the lactose was 94$. 
Wallace et al. (43), studying the digestion of glucose by 21-day-old 
calves, found that about 93$ of the nitrogen-free extract was digested in 
a ration containing 32$ glucose, 50$ dried skim milk, 1C$ casein and vita­
min and mineral supplements. Larsen et al. (24) found no reducing sugar 
in cecal contents or feces of calves which were manually fed glucose- or 
maltose- containing rations into the omaso-abomasal area. Huber et al. 
(21) found the apparent digestion of maltose by 3 to 6-month-old calves to 
be 97$,higher than for lactose, sucrose, or four types of starch. 
The extent to which sucrose, when fed by nipple pail, is digested by 
young calves remains uncertain. Wallace et al. (43) reported an apparent 
digestion coefficient of 93$ for the nitrogen-free extract fraction of a 
ration which contained 32$ sucrose and 50$ dried skim milk. However, 
Huber et al. (21), employing a conventional digestion trial, found that only 
57$ of the sucrose was digested. This value was based upon samples taken 
from feces which had accumulated in the collection pan for 12 hours. In 
the same trial, when the calves were stimulated to defecate at 2-hour inter­
vals and the feces samples were frozen immediately, the apparent digestion 
of sucrose was 32$. The loss of sucrose after the feces had been voided 
was attributed to microorganisms in the feces and it was postulated that 
this breakdown began in the large intestine. Further support of this hy­
pothesis was the fact that 68$ of the carbohydrate of the feces samples 
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collected twice daily was monosaccharide, while 38$ of the carbohydrate 
of feces collected by stimulation was monosaccharide. 
One of the first experiments designed to study the utilization of in­
dividual carbohydrates by young calves was conducted by Shaw et al. (39) 
in 1918. They determined the digestibility of corn starch when added to 
milk and fed to two male calves at various intervals from 4 to 39 days of 
age. During this age period it was found that the digestibility of the 
starch increased from 21$ to 97$. Limited digestion studies by Wallace 
et al. (43) also showed that digestion of total carbohydrate of starch-
containing rations increases with the age of the calf. In their studies 
the nitrogen-free extract of rations containing 32f> corn starch was digested 
to a lesser extent than that of similar rations containing either glucose 
or sucrose in place of starch. Lars en et al. (24), using the chromic oxide 
technique to measure the digestion of carbohydrates introduced manually in­
to the omaso-abomasal area of 9 month-old calves, concluded that there was 
very little digestion of starch or the carbohydrate in corn grain. Raven 
and Robinson (36) reported that from 48 to 62$ of corn starch added to a 
high lactose diet was digested by two young calves. Holler et al. (30) 
found that the digestion of the nitrogen-free extract of vegetable milk re-
placers containing large amounts of starch increased markedly during the 
period from about 11 to 25 days of age. More recently Huber et al. (21) 
reported digestion coefficients for airçylose, anylopectin, Flojel (an acid-
treated starch) and tapioca starch added to milk and fed to 3 to 6-month-
old calves by nipple pail to be 83, 89, 80 and 80$, respectively. 
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Blood reducing sugar studies 
When readily soluble carbohydrates are fed to a mature ruminant in 
such a way that the feed enters the rumen, a large part of the carbohydrate 
is fermented to volatile fatty acids. These are absorbed as such and cause 
no appreciable change in the level of reducing sugar of the blood. How­
ever, when certain carbohydrates are delivered into the omaso-abomasal 
area either manually or by certain feeding methods, the carbohydrate is 
absorbed, either as such or after digestion, with a resulting rise in blood 
reducing sugar (BBS). This physiological response has been used as a 
method for determining the extent to which carbohydrates are absorbed and 
presumably utilized by the animal. Results from BIB studies have been 
highly correlated with results from other methods of measuring the extent 
to which some carbohydrates are utilized by young calves, but this has 
not been true for all carbohydrates. 
Flipse et al. (13) found that feeding lactose to 1-month-old calves 
was followed by an almost immediate rise in BIS which reached a maximum at 
about 4 hours post-prandial and did not return to the pre-feeding level 
within 8 hours after feeding. Using calves between 6 and 14 days of age, 
Dollar and Porter (10) found that the BRS level of calves fed lactose 
reached a peak at about 2 hours following feeding. The BRS curve of 1-month-
old calves reached a peak much quicker following lactose ingestion, but was 
considerably below the curve for 6 to 14-day-old calves throughout the 5-
hour sampling period. Okamoto and co-workers at U.S.D.A. (33) measured the 
BIS response to lactose feeding at various ages. They found that maximum 
levels were attained between 1 and 2 hours after feeding and that at 5 hours 
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the levels were still 2 to 3 times higher than the fasting levels. The 
response to lactose feeding vas greater at 3 and 4 weeks of age than at 1 
and 2 weeks of age. Velu et al. (42) used calves from 1 to 10 weeks of 
age to determine BBS concentration for the first 4 hours following the 
feeding of lactose. These workers found that the peak concentrations were 
higher in 1-week-old calves and 5 to 10-week-old calves than in calves 2 
to 4 weeks of age. Huber et al. (19) measured BIS responses following the 
ingestion of lactose by dairy animals of various ages to 600 days. They 
found much greater increases in calves less than 2 months of age than in 
the older animals. At all the various ages the maximum concentration oc­
curred from 1 to 2 hours after feeding. Thus it appears from BRS determi­
nations that lactose is utilized very efficiently by calves. Usually this 
efficiency of utilization decreases with age, although Dollar and Porter 
(9) found that lactose was equally well utilized by 1-week and 5-week-old 
calves. 
The BIS response to feeding of glucose to young calves has in general 
been similar to that of lactose. Using four calves from 28 to 35 days of 
age, Flipse et al. (13) found that the BRS level of glucose-feed calves in­
creased from slightly over 50 mg/l00 ml to about 140 mg/l00 ml during the 
first 4 hours after feeding. Following the peak concentration, which was 
slightly higher than that of calves fed lactose at the same level, there 
was a decline in BRS over the next 2 to 4 hours to the original level. 
Essentially the same response was observed by Larsen et al. (24) when glu­
cose was fed, through a rumen fistula, directly into the omaso-abomasal 
area. Dollar and Porter (10) found that the BIB response of glucose-fed 
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calves from 6 to 34 days ofqge was similar to the response of lactose-fed 
calves from 6 to 14 days of age. The BIS concentration increased rapidly 
to a peak and then decreased, rapidly at first and then gradually. The 
peak concentration occurred between 1 and 2 hours after feeding. Okamoto 
et al. (33) also found that the BBS concentration maxima occurred at 1 to 
2 hours after 1 to 4-week-old calves were fed glucose. Velu et al. (42) 
measured the BIS response of young glucose-fed calves at weekly intervals 
from 1 to 10 weeks of age. There was an increase in the maximum BBS level 
observed, in the 4 hours following feeding, up to 6 weeks of age; there­
after a decrease occurred. In this study there also appeared to be a 
trend for the peak concentration to occur at a longer interval after feed­
ing with increasing age of the calf. Using dairy animals at various ages 
from 22 to 600 days of age, Huber et al. (19) observed that, in general, 
the maximum BIS concentration, which occurred between 1 and 2 hours after 
feeding of glucose, decreased with increasing age. 
The similarity of BBS response curves when either glucose or lactose 
is fed at equal levels to young calves would seem to indicate that galac­
tose as well as glucose is absorbed following the intestional hydrolysis 
of lactose. Further evidence of this was presented by Velu et al. (42) 
who fed galactose to calves from 1 to 4 weeks old and observed BBS curves 
similar to those of calves fed glucose or lactose at the same level. 
The extent to which maltose is utilized by 8 to 9 month-old-calves 
was studied by Larsen et al. (24). They fed (dissolved in water) a dried 
malt syrup, containing about 78$ maltose on a dry matter basis, directly 
into the omaso-abomasal cavity through a hose passed through a rumen 
fistula and the reticulo-omasal orifice. During the 2 hours following 
maltose feeding the BBS level increased from about 50 to about 110 rng/lOO 
ml, after which it decreased, slowly at first and then more rapidly until 
a normal level again was attained. Dollar and Porter (10) observed that 
the BBS concentration did not change when calves 3 to 7 days of age were 
fed maltose. When these workers fed maltose to calves 20 to 28 days old, 
there was only a slight increase in BIB level and it was concluded that 
calves were unable to utilize maltose during the first 4 weeks of life. 
Although no data were given, they reported appreciable utilization of 
maltose at 9 weeks of age. Velu et al. (42) found no change in BBS fol­
lowing the feeding of maltose to 2-week-old calves and only a 35 mg/l00 ml 
increase in 3-week-old calves. Huber et al. (19) observed a greater re­
sponse to maltose feeding among calves 6 to 8 weeks of age than among 
younger or older calves. The responses at 3 weeks, 19 weeks, and 32 weeks 
were similar. 
Dollar and Porter (10) were apparently the first workers to observe 
the complete lack of response in BBS when bovine animals are fed sucrose 
in a way by which it does not pass into the rumen. This observation has 
been confirmed by Okamoto et al. (33) using 5 to 6-week-old-calves, by 
Velu et al. (42) using calves from 1 to 10 weeks of age, and by Huber 
et al. (19) using animals from about 3 to 86 weeks of age. The latter 
workers reported no increase in BIB even when glucose was infused into the 
jugular vein of the animal, to provide a more sensitive test, prior to the 
delivery of sucrose into the omaso-abomasal area. All of these workers, 
except possibly the U.S.D.A. group (33), used a method which measures the 
reducing sugar concentration of the blood, and which would not measure any 
sucrose àbsdgbed as such. Chain et al. (?) have recently presented evidence 
that sucrose {^ absorbed per se by the small intestine of the rat. 
Evidence that starch may not be utilized by young calves was presented 
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by Flipse et al. (13) in 1950. In their study the BIS concentration re­
mained almost unchanged during the 8 hours following the feeding of starch. 
Larsen et al. (24) observed that there was no appreciable change in BBS 
concentration when either corn or starch diets were manually fed into the 
omaso-abomasal area of 8 to 9-month-old animals. Using the same criterion 
of response, Dollar and Porter (9, 10) concluded that starch and dextrin 
were not utilized by calves under 1 week of age. Okamoto et al. (33) fed 
starch and dextrin to 5 to 6-week-old calves and observed essentially no 
changes in BBS. In a more extensive study Huber et al. (19) fed four 
different types of starch to animals of various ages. None of these starches 
caused an appreciable change in BIS at any age. Subjection of these starches 
to heat treatment resulted in greater BBS responses than were observed with 
the untreated starches. In a supplementary study, to increase the sensi­
tivity of the BBS test, glucose was intravenously infused into the jugular 
veins of two animals prior to the feeding of starch. By this method, it 
was determined that there was some utilization of starch, with absorption 
beginning 30 to 60 minutes following feeding. 
Carbohydrase activity 
An indirect method for measuring the extent to which carbohydrates are 
utilized by the young calf is to assay the digestive system tissues for the 
various enzymes necessary to convert the respective carbohydrates into 
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products which can be absorbed by the animal. It appears that the partial 
or complete inability of calves to use certain carbohydrates is due to in­
adequate secretion of the respective carbohydrates. In the case of certain 
carbohydrates, notably sucrose and starch, the secretion of necessary en­
zymes by the calf is inadequate to effect complete utilization and it has 
been postulated that the apparent utilization of these carbohydrates, as 
indicated by certain methods of evaluation, is due to enzymes secreted by 
microorganisms. 
Dollar and Porter (9) sacrificed calves at various ages and determined 
the lactase, maltase, and suerase activities of intestinal mucosa, and 
the amylase activity of pancreatic extract. The lactase level was high and 
decreased only slightly during the first 9 weeks. The maltase activity in­
creased 3 fold from the third to ninth week but was still low compared to 
the lactase level. Mo suerase activity was detected at any age. The 
amylase activity remained low. 
Huber et al. (18) sacrificed calves at various ages from 1 to 44 days 
to determine the effect of age and diet (whole milk and lactose vs. whole 
milk plus sucrose and starch) on the enzyme content of various digestive 
tissues. These workers found that the level of lactase was highest at 1 
day of age and decreased thereafter, with the greatest decrease occurring 
in the posterior segment of the small intestine. They observed no increase 
in the maltase level up to 6 weeks of age. No sucrase was detected. The 
pancreatic amylase levels, which were lowest at 1 day of age, increased 
about 3 fold during the first week and changed little thereafter. It was 
concluded that the diet of the calves did not affect the level of digestive 
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enzyme production. 
In a later study, Huber et al. (22) found that the lactase activity 
and weight of intestinal tissues were directly related to the lactose con­
tent of the ration. In this study no lactase activity was detected in the 
posterior one-third of the small intestine. 
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EXPERIMENTAL PROCEDURE 
Experimental Animals 
Four animals from the Iowa State University dairy herd were used in 
this study. Description of these animals is given in Table 1. The ani­
mals were allowed to remain with their dams for 3 days after birth, then 
they were housed in individual pens constructed of metal and masonry. Calf 
5180 was bedded with wood shavings. Calf 6062 was bedded with wood shavings 
for the first 6 weeks, after which it was maintained on a heavy metal screen. 
Calves 7046 and 7051 were kept on metal screens continuously after 3 days of 
age. 
Table 1. Experimental animals 
Calf number Breed Sex Date of birth Birth wt. (lb.) 
5180 Brown Swiss Male Oct. 26, 1961 83 
6062 Holstein Male Jan. 26, 1962 101 
7046 Holstein Male Mar. 15, 1962 95 
7051 Holstein Male Mar. 15, 1962 83 
Calf 5180 was allowed access to a dry calf starter for the first 2 
weeks, during which time little, if any, starter was consumed. Except for 
this, none of the calves were offered dry feed at any time. The purpose 
of this was twofold: (a) more efficient functioning of the esophageal 
groove was maintained (16, 4) and (b) preliminary experimentation had 
shown that more difficulty was encountered in blockage of the re-entrant 
ileal fistula when the calf consumed dry feed. Except for the periods when 
trials were in progress, whole milk was fed at the rate of 10$ of body 
weight per day in two equal feedings. The milk was supplemented with a 
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vitamin-antibiotic premix which provided each calf approximately 50 mg. 
chlortetracycline, 960 I.U. vitamin Dg, and 10,000 I.U. vitamin A per day. 
A trace mineral mixture which provided iron, copper, manganese, cobalt, 
zinc and iodine was also added to the milk. At all times the milk was fed 
from a nipple pail. 
Establishment of Fistulae 
The re-entrant ileal fistulae were established by the method described 
by Markowitz (25) for establishment of a Crocker-Markowitz intestinal fis­
tula. Each cannula^  consisted of 3 parts (a) the barrel, a short piece 
of gum rubber tubing (b) the base, an oval shaped piece cut from 5/l6 inch 
flat gum rubber and having in the center a hole of proper size to accomo­
date the barrel and (c) the external rubber washer. Calf 5180 was fitted 
with cannulae having 3/8 inch inside diameter, 5/8 inch outside diameter 
barrels. The barrels used in the other calves were l/2 inch inside di­
ameter, 13/l6 inch outside diameter. The barrels were about 2-l/2 inches 
long and were cut to proper length after the operation was complete. The 
bases used in 5180 were 3-l/8 inches long and l-l/s inches wide at the 
widest point. The bases used in the other calves were 3-l/8 inches long 
and 1-5/16 inches wide at the widest point. The barrel was placed just 
through the hole in the base and vulcanized in position. Construction of 
cannulae of this type has recently been described by Bowen (6). The ex­
ternal washers were 2-l/4 inches in diameter and 5/8 inches thick with a 
F^urnished by Dr. R. W. Dougherty, National Animal Disease Laboratory, 
Ames, Iowa. These are further described by Dougherty (ll). 
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center hole of adequate size to fit tightly over the barrel but not to con­
strict the inside opening. The set of cannulae used in 6062 are shown in 
Figure 1. 
The operative technique was similar for all animals. The operation, 
conducted when the calf was 3 weeks old, followed a 24-hour fast. Extern­
ally the fistulae were located slightly ventral to the right paralumbar 
fossa (Figure 2). Entrance to the abdominal cavity was through a 4 inch 
vertical incision. The fistulae were located orad to the ileo-cecal junc­
tion by the following distances: 5180, 6 inches; 6062, l-l/2 inches; 7046, 
5 inches; 7051, 6 inches. The cannulae were inserted and sutured as de­
scribed by Markowitz (25). The barrels of the cannulae were exteriorized 
through stab wounds and held in place by the external rubber washers. 
Because of the arrangement of the intestines in this area the oral (with 
respect to intestinal tract) cannula was positioned posterior (with re­
spect to the animal as a whole) to the aboral cannula. (Oral and aboral 
usually refer to structures within the head of the animal. These terms are 
used in this discussion in the apparent absence of more suitable terms.) 
After the operation the calf was returned to its individual pen. An in­
tramuscular injection of 5 ml of Combiotic^  was given daily for 3 days. 
Best results were obtained when the cannulae were not connected until 
24 hours following the operation. The exposed ends of the barrels of the 
cannulae in 5180 were connected by a U-shaped plexiglass tube. The can­
nulae of the other three calves were connected externally as shown in 
A^ product of Charles Pfizer and Co., Inc., N. Y. which contains 
200,000 units procaine penicillin G and 0.25g dihydrostreptomycin sulfate 
per milliliter. 
Figure 1. Re-entrant ileal cannulae 
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Figure 2. Location of re-entrant fistula 
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Figures 1 and 3. This connection was better than the U-tube because there 
was less distance for the ingesta to travel outside the animal body and be­
cause of the greater ease of collecting samples. The right angle joints 
were made by cutting a plexiglass tube at a 45 degree angle, then perma­
nently joining the pieces in the proper position, using 1, 2-dichloroethane 
as a solvent. The internal diameter of the plexiglass tube was the same as 
that of the rubber barrel, thus when the rubber barrel was stretched to fit 
over the joint the same internal diameter was maintained throughout the 
cannulae and connecting tubes. A short piece of Tygon tubing covered the 
union "between the 2 plastic joints. 
Experimental Treatments 
, The utilization of sucrose, lactose and starch was evaluated in this 
study. The number of trials with each carbohydrate and the ages of the 
calves at the time the trials were conducted are shown in Table 2. Feeding 
and management of calves during trials were not changed, except as indi­
cated. In all sucrose trials milk was fed at the usual rate. Sucrose"*" and 
polyethylene glycol (EEG), average molecular weight 4000, were added to the 
mille at the rate of 10 grams and 1 gram, respectively, for each pound of 
2 
milk. Starch trials were conducted in the same manner except that starch 
was substituted for sucrose. Milk from only one cow was used throughout 
"'"Table grade, obtained from local grocery store. 
2 
Amioca (arcylopectin), supplied by National Starch Products, Inc., 
Plainfield, New Jersey. 
Figure 3. Close-up of ileal cannulae 
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each lactose trial. No carbohydrate was added to the milk, PEG was added 
at a rate calculated to give a ratio of lactose to BEG of 20:1. Samples 
of all milk fed were analyzed for PEG and the respective carbohydrates. 
Table 2. Age of calves in days at time of start of various trials 
5180 6062 7046 7051 
Sucrose 1 29 35 31 31 
Sucrose 2 85 85 80 80 
Sucrose 3 - 128 - 127 
Lactose - 49 50 . 50 
Starch - 56 65 65 
During each trial milk was fed at 7 AM and 7 PM, except the first su­
crose trial with 5180 when milk was fed at 8 AM and 8 PM. Most of the 
trials consisted of a 3-day adjustment period and a 4-day collection period. 
Longer periods were not deemed advisable due to the stress imposed by the 
sucrose feeding, which always caused scouring, and the experimental surgery. 
Exceptions to the above were 6062 Sucrose 1 (trials are designated by calf 
number, carbohydrate fed and sequence, respectively) in which there was a 
5-day collection period, and 7051 Sucrose 1 and 7051 Lactose in which the 
collection period was limited to 3 days. 
Collection of Samples 
Except in one experiment to be discussed later, ileal and fecal samples 
were taken at 0, 3, 6, 9, and 12 hours after the morning feeding. Ileal 
samples were obtained by disconnecting the exterior connecting tube and 
taking from 5 to 25 ml (depending on amount available) of the ingesta in 
the tube or that which passed within 20 minutes. An equal volume of warm 
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Ringer's solution was placed in the aboral cannula. Fecal samples were 
taken by mechanical stimulation. The pH was determined on each ileal and 
fecal sample as soon as possible after collection, using a Beckman model U 
meter with glass electrodes. Ileal, fecal, and milk samples were stored 
in brown bottles in a freezer set at -25 degrees C until chemical deter­
minations could be completed. 
After the results of the early trials were examined, it appeared that 
in some cases fermentation of carbohydrate might be occurring in digesta 
in the exterior portion of the cannulae, or that some of the sample might 
be composed of digesta returning from the large intestine. Therefore, in 
one trial each with three calves, the ileal sample was collected, when 
possible, in two ways. Digesta in the exterior tube at time of sampling 
was collected and kept separate. This sample was designated as Fraction 
1. Another sample was collected from the digesta passing from the oral 
cannula, if any passed within 20 minutes, and this sample was designated 
as Fraction 2. The trials conducted in this manner were 6062 Sucrose 3, 
7046 Sucrose 2, and 7051 Sucrose 2. 
To obtain an estimate of the rate and amount of passage of digesta at 
the re-entrant ileal fistula, a special trial (7051 Sucrose 3) was con­
ducted. The procedure during the adjustment period and first 2 days of the 
collection period was the same as for other trials. During the last 2 days 
of the collection period all of the digesta passing from the ileum were 
collected during the period between morning and evening feeding. This was 
accomplished by placing a balloon over the oral cannula and collecting the 
digesta in the balloon. When the balloon became full the digesta were 
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emptied into a beaker stored in an ice chest. At the end of each hour the 
digesta were weighed, the pH was determined and an aliquot was frozen for 
chemical analyses as "before. The remainder of the digesta were warmed to 
"body temperature, an amount of Ringer's solution equal to the aliquot re­
moved was added, and the mixture was introduced into the aboral cannula 
during the next hour at approximately the rate at which it had been col­
lected. 
Analyses of Samples 
Sucrose and reducing sugar in the feces of sucrose-fed animals was 
determined according to the method of Huber et al. (21). Ileal samples 
were analyzed by the same method with adjustments for different concentra­
tions . 
The proteins of feces and ileal samples of calves fed milk with no 
added carbohydrate (Lactose trials) were removed by the method of Kelson 
(28). Reducing sugar content was then determined (28). Initially it was 
assumed that any residual carbohydrate would be lactose, glucose, or galac­
tose and that the lactose level could be determined by means of a reducing 
sugar analysis before and after acid hydrolysis. Hydrolysis of some of 
the samples increased the reducing sugar level to a value considerably 
higher than could be accounted for by lactose alone. Therefore, total 
carbohydrate was determined on the remainder of the samples by the method 
of Montgomery (27). 
Total carbohydrate in feces and ileal samples from starch-fed calves 
was determined as follows. A 3-gram sample was hydrolyzed with 20 ml of 
0.7 N HC1 for 2-l/2 hours in a boiling water bath. Proteins were removed 
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by adding 17 ml of 24$ trichloroacetic acid, making up to 40 ml with water, 
and centrifuging. The supernatant was then diluted as required and total 
carbohydrate was determined by the "method of Montgomery (27). 
Analysis for PEG in feces and milk was conducted according to the tur-
bidimetric method of Hy&ên (23) a . adapted for feces by Huber et al. (20). 
The same method was used for analysis of PEG in ileal samples in trial 5180 
Sucrose 1. In trial 5180 Sucrose 2, PEG in ileal samples was determined by 
this method and also by the method of Hydên (25) as modified by Smith (40). 
The same results were obtained by each method. Although more time-consum­
ing, the method of Smith (40) was used for ileal samples in all other tri­
als since the conditions under which the interfering substance reported by 
Smith may be present are unknown. 
Statistical Treatment of Data 
Because of the unequal number of observations on each calf, caused by 
missing values at periods when no sample could be collected, a complete 
least squares analysis was performed on the IBM 7074 electronic computer, 
using a simulated IBM 650 program. The least squares analysis permits the 
use of all the observations regardless of disproportionate number of ob­
servations or missing data. 
The following model was fitted by a complete least squares analysis. 
Yiokl - u + Ri + + ^  + Mjk + Ti + Wki - Mji 
+ (TLCljfci + ej.jki 
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where 
u is the overall mean of the experiment 
IL is the overall effect of calf i" 
C. is the overall effect of carbohydrate j 
i) 
is the location effect (ileal or fecal) 
(liC)j^ . is the interaction of the carbohydrate with the k^ *1 
location 
is the overall effect of sampling at time 1 
(TL)ia is the interaction of time and location 
(TC) ., is the interaction of time with carbohydrate 
(HjC)^  ^is the interaction of time with location with carbohydrate 
e. , is the contribution of a random error 
ljkl 
The e. are assumed to be normally and independently distributed with 
3-jk-L 
2 
mean = 0 and a variance = o . 
The degrees of freedom for this model are shown below. 
Source of variability Degrees of freedom 
Calves (r) 3 
Carbohydrate ( c )  4  
Location (L) 1 
C x L 4  
Time (T) 4  
T x L 4  
C x T x L 12 
Error 106 
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RESULTS 
General Health of Calves 
Recovery from the operation to install the re-entrant cannulas was 
rapid and the growth and condition of all the calves was satisfactory, con­
sidering the stress imposed by the operation and subsequent experimental 
trials. Difficulty in obtaining passage of ingesta following the opera­
tion was encountered in calf 6062. Leaving the cannulae disconnected for 
a period of about 8 hours resulted in a copious flow of digesta and when 
the cannulae were re-connected intestional flow appeared normal. Subse­
quently the cannuale were not connected for 24 hours following the opera­
tion and no more difficulty was encountered. 
A severe respiratory infection was observed twice in 5180 and once in 
6062. Probably the stresses involved in the operation and trials were 
predisposing causes; however, similar infections were observed among normal 
calves housed in the same area at the same time. The growth curves for the 
four calves are shown in Figure 4. 
Suitability of PEG as a Marker 
for Carbohydrate Digestion 
Evidence which indicates that PEG is suitable for use as an indicator 
to estimate sucrose digestion is shown in Figure 5. In this figure the 
average PEG and sucrose concentrations in 5180 Sucrose 1 are plotted. 
Since the weight of sucrose fed was 10 times the weight of PEG fed, the PEG 
concentrations have been multiplied by 10. Thus if the two constituents 
passed at the same rate and there was no loss of either constituent the two 
Figure 4. Body weight changes of experimental animals, lb. 
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lines would coincide. Although the results with the other calves differed 
quantitatively from those of 5180, all of the data indicate that the su­
crose and PEG pass at the same rate. Further evidence indicating the use­
fulness of BEG as an indicator of digestion of disaccharides was obtained 
by Dahlquist and Borgstrom (8). The suitability of PEG for determining 
starch digestion will be discussed later. 
Digestion of Carbohydrates Orad 
to the Re-Entrant Fistulae 
Sucrose 
Sucrose recovery at the re-entrant fistulae for all sucrose trials is 
shown in Figure 6. The results are expressed as sucrose/PEG curves. Since 
the sucrose/PEG as fed was 10, a straight line at a ratio of 10 would in­
dicate complete recovery of sucrose, assuming also complete recovery of 
PEG. By inspection of Figure 6 several facts are apparent, the most obvious 
being that there was a variation in sucrose recovery related to time of 
feeding. Because of the large carbohydrate/PEG ratios obtained with starch 
trials, the overall error term in the statistical analysis vas overly in­
flated. Thus the various responses measured as carbohydrate/PEG were not 
significantly different, although obviously some differences, such as the 
effect of time, were real. The recovery of sucrose was usually highest at 
3 and 6 hours after feeding and was lowest at 0 and 12 hours after feeding. 
There was considerable difference in animal response, recovery decreasing 
in the order 5180, 6062, 7046, and 7051. Although the peak sucrose/PEG was 
highest in the first sucrose trial with each calf (excluding the Fraction 
2 samples of 7046 Sucrose 2 which are not directly comparable), there was 
Figure 6. Changes in ileal sucrose/EEG 
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no definite trend with age. Results of the three trials in which two types 
of ileal samples were taken are also shown in Figure 6. 
In view of the observation (visual) that ileal digesta flow was higher 
at the sampling periods 3 and 6 hours after feeding and the relationship 
of sucrose/PEG to time after feeding, a trial was conducted to determine 
the rate of ileal digesta flow during the 12 hours after feeding. The re­
sults of this trial are shown in Figure 7. The correlation coefficient of 
sucrose/PEG and ileal digesta flow (r = .94) was significant at (P < 0.01). 
In this trial an average of 87$ of the digesta which passed from the ileum 
during the 12-hour period following feeding passed during the 6-hour in­
terim from l-l/2 to 7-1/2 hours after feeding. 
Because of the vastly differing rates of ileal digesta flow repre­
sented by the samples taken 3 and 6 hours after feeding compared to the 
other samples, and the diurnal variation in sucrose/PEG, digestion coeffi­
cients based on equal consideration for all samples would be meaningless. 
Thus digestion coefficients have been calculated as follows. An average 
of the sucrose/PEG obtained at 0, 9, and 12 hours after feeding was con­
verted to per cent recovery by dividing by sucrose/PEG fed (10) and multi­
plying by 100. The per cent recovery was subtracted from 100 to obtain per 
cent digestion. This value was multiplied by 0.13, since it was assumed 
that these samples represented 13$ of the total ileal flow. The per cent 
recovery obtained from the samples taken at 3 and 6 hours after feeding was 
subtracted from 100 and the remainder was multiplied by 0.87. The two pro­
ducts so obtained were summed to obtain the "weighted average" digestion co­
efficients for digestion orad to the re-entrant fistulae. Coefficients 
Figure 7. Comparison of sucrose/PEG with ileal digesta flow, 7051 Sucrose 3 
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obtained in this manner for all sucrose trials are shown in Table 3. 
Table 3. Coefficients for digestion orad to re-entrant fistulae, sucrose 
trials8. 
5180 6062 7046 7051 Ave. 
Sucrose 1 12.4 43.0 54.3 54.2 41.0 
Sucrose 2 13.1 34.7 47.2 71.2 41.6 
Sucrose 3 41.7 56.8 49.2 
Average 12.2 39.8 50.8 60.7 40.9 
Weighted average. For explanation see text. 
Means not underlined by a common line are significantly (P < 0.01) 
different from each other. 
Lactose 
The method used for analysis of carbohydrate in ileal and fecal 
samples collected during lactose trials was not specific for lactose, there­
fore the term carbohydrate is used rather than lactose. Although all di­
etary carbohydrate was lactose, as mentioned previously, not all of the 
carbohydrate in ileal and fecal samples was lactose and/or monosaccharides. 
The carbohydrate/PEG ratios are shown in Table 4. The ratio of lactose to 
PEG which was fed was not 10, but rather varied with trials according to 
the milk fed. The average per cent recovered at each sampling period is 
shown, along with the "weighted average" coefficients for digestion orad to 
the re-entrant fistulae, calculated as for sucrose. 
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Table 4. Average carbohydrate/PEG of ileal samples, lactose trials 
6062 7046 7051 
Hrs. after CHO/EEG $ CHO/PEG fo CHO/PEG <f> 
feeding Ratio Recovery Ratio Recovery Ratio Recovery 
0 .86 4.78 
CO GO 
4.60 .92 4.80 
3 1.41 7.97 .85 4.44 .67 3.50 
6 .61 3.45 .38 1.98 4.14 21.64 
9 .17 1.01 .22 1.15 .53 2.77 
12 — — .20 1.04 1.72 8.99 
94.6a 96.9a 88.4a 
a
"Weighted average" coefficients for digestion orad to re-entrant 
fistulae. For explanation see text. 
Starch 
For a substance to be successfully used as an indicator of digestion 
in part of the digestive tract in the manner employed in this study, it is 
necessary that the nutrient and the indicator pass along the digestive 
tract at the same rate. It is apparent from the carbohydrate/PEG ratios, 
shown in Table 5, that the starch and PEG did not pass at the same rate. 
There appears to be no other explanation for a carbohydrate/PEG greater 
than that fed (10), assuming no loss of PEG. 
Reducing activity of ileal samples 
The amounts of reducing activity of the ileal digesta samples collected 
in all trials (except starch trials, during which this value was not de­
termined) are shown in Figure 8. In lactose trials this activity could re­
sult from lactose, glucose, and galactose, the latter two from hydrolyzed 
lactose. In addition, in sucrose trials this activity could result from 
Figure 8. Reducing activity of ileal samples 
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glucose and fructose derived from hydrolysis of sucrose. 
Table 5. Average carbohydrate/PEG of ileal samples, starch trials 
Hrs. after 
feeding 6062 7046 7051 
0 109.2 55.8 31.4 
3 9.1 3.3 102.1 
6 6.2 1.6 50.2 
9 47.4 14.0 5.0 
12 55.9 49.6 43.7 
Although no lactose trial was conducted with 5180, the absence of an 
appreciable amount of reducing activity in sucrose trials indicates high 
utilization of lactose as well as an absence of a significant amount of 
monosacchrides from sucrose. A low level of reducing activity in sucrose-
fed animals indicates either that little sucrose was hydrolyzed or that 
the invert sugar resulting from sucrose hydrolysis was absorbed or further 
metabolized. 
The level of reducing activity in samples collected from lactose-fed 
calves (Figure 8) indicated high utilization of lactose by calves 6062 and 
7046 and somewhat lower utilization by 7051. These observations are in a-
greement with lactose utilization values listed in Table 4. 
The level of reducing activity measured in 6062 Sucrose 1 at 3 and 6 
hours after feeding would seem to indicate a breakdown of sucrose at a 
faster rate than the monosaccharides were absorbed per se or further me­
tabolized. These levels were higher than those for the lactose trial, 
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although, the lactose trial vas conducted at a later age when lactose utili­
zation might he expected to be lower. Overall comparison of the reducing 
activity in the two trials showed no significant difference. 
Results from other sucrose trials with 6062 indicate some reducing 
activity due to sucrose breakdown, particularly at 9 hours after feeding; 
however, the possibility that this activity was due to lactose is not pre­
cluded. 
The higher levels of reducing activity of the second sucrose trial 
with 7046 and 7051, particularly at 9 hours after feeding would seem to 
indicate breakdown of sucrose. The trend, especially with calf 7046, is 
for the reducing activity of Fraction 1 to be higher. When all of the 
data were combined, the reducing activity of digesta from sucrose-fed 
calves was not significantly higher than from lactose-fed calves. 
pH of ileal samples 
The pH values of all ileal samples are shown in Figures 9 and 10. 
Except for the period 5 hours after feeding, the average values for lactose-
fed calves were higher, though not significantly higher, than for either 
sucrose- or starch-fed calves. The average values for lactose-fed calves 
reached a peak at 9 hours after feeding, while pH values were lowest at 
this time for sucrose-fed calves. Average values for starch-fed calves 
were lowest at 0 and 12 hours after feeding while maintaining a rather 
constant level from 3 to 9 hours after feeding. The overall quadratic ef­
fect was not statistically significant within any of the carbohydrate 
treatments, although it approached significance at (P =0.10) level with 
sucrose-fed calves. 
Figure 9. pH of ileal samples, sucrose trials 
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There was a trend, especially with 7046, for the pH of Fraction 1 
samples to "be lower. Because of numerous missing samples, the number of 
direct comparisons "between Fractions 1 and 2 is limited. 
Dry matter content of ileal samples 
Average dry matter content of ileal samples in all trials is shown in 
Table 6. These data are "based on fewer determinations than data for other 
responses since occasionally all of a sample was required for carbohydrate 
and PEG determinations. The dry matter content of ileal digesta of each 
calf was lower when fed only milk than when the same calf was fed sucrose 
in addition. There was no significant difference in ileal dry matter con­
tent "between calves when fed sucrose, nor was there a significant differ­
ence at the various ages at -which sucrose trials were conducted. 
The ileal dry matter content also was much higher when the calf was 
fed starch in the milk. Although the effect of time on dry matter content 
varied "between calves, with each calf there was a direct relationship be­
tween amount of carbohydrate and dry matter content. Some samples, par­
ticularly among those taken 0 and 12 hours after feeding, contained almost 
100$ starch on a dry matter basis. Average values for carbohydrate, PEG, 
and reducing activity, calculated on a dry matter basis, for all trials 
are given in Tables 25 to 29 in the Appendix. 
Digestion of Carbohydrates in the Gastrointestinal 
Tract Posterior to the Rumen 
Digestion coefficients for all trials are presented in Table 7. The 
problem encountered with ileal samples, of collected samples representing 
unequal amounts, was not as serious with feces. The samples defecated 
Table 6. Average per cent dry matter of ileal and fecal samples 
Trial 
5180 6062 7046 7051 Average 
Ileal Fecal Ileal Fecal Ileal Fecal Ileal Fecal Ileal Fecal 
Sucrose 1 5.7 11.8 
Sucrose 2 4.4 
Sucrose 3 
mean, 
Sucrose 
trials 
Lactose 
12.6 
No trial 
5.0 12.2 
No trial 
6.5 
5.6 
5.5 
5.9 
4.9 
13.8 
10.4 
9.6 
11.3 
23.6 
7.0 9.9 
6.1 14.3 
No trial 
6.6 12.1 
5.2 23.1 
7.1 
5.0 
5.1 
5.7 
4.6 
12.0 
14.4 
10.4 
12.3 
21.4 
6.6  
5.3 
5.3 
5.7 
4.9 
11.9 
12.9 
10.0 
11.6 
22.7 
Starch No trial 12.2 19.4 15.0 16.5 22.4 22.9 16.5 19.6 
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Table 7. Digestion coefficients, ail trials 
5180 6062 7046 7051 Average 
Sucrose 1 55.7 88.5 79.6 98.7 80.6 
Sucrose 2 66.7 87.6 99.0 100 88.3 
Sucrose 3 88.3 99.8 94.0 
Average 61.2 88.1 89.3 99.5 84.5 
Lactose 99.4 99.8 99.7 99.6 
Starch 23.7 43.4 25.9 31.0 
Means not underlined by a common line are significantly (P < 0.01) 
different from each other. 
were of approximately the same size each time, and usually the animal did 
not defecate between collection periods. Fecal samples collected during 
sucrose trials were easily mixed for subsampling, since the feces voided by 
sucrose-fed calves were soft (high moisture). With two of the calves (6062 
and 7051) there was close agreement at the various ages with respect to 
amount of sucrose digested. With the other two calves there was an increase 
in utilization with increase in age, although much of the increase in di­
gestion in 5180 Sucrose 2 compared to 5180 Sucrose 1 was due to the results 
obtained on the last day of the second sucrose trial. (Daily results for 
all trials are shown in Tables 9 to 24.) 
The digestion of lactose by the three animals used in lactose digestion 
studies was essentially complete. Evidence has already been presented which 
indicates high utilization of lactose by calf 5180 also. The small constant 
level at which carbohydrate was present in fecal samples at all hours would 
seem to indicate that this was endogenous carbohydrate or remains from 
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Table 8. Apparent digestion of sucrose between ileum and rectum 
5180 6062 7046 7051 Ave. 
Sucrose 1 43.3 45.5 25.3 44.5 39.6 
Sucrose 2 53.6 52.9 51.8 28.8 46.8 
Sucrose 3 46.6 43.0 44.8 
Average 48.4 48.3 38.6 38.8 43.5 
microbial cells rather than residual lactose. 
The reducing activity of fecal samples in all trials (except starch 
trials, when this was not measured) is shown in Figure 11. When one con­
siders evidence already presented for high utilization of lactose, together 
with the low levels of reducing activity for lactose trials shown here, it 
seems apparent that the reducing activity detected in feces during sucrose 
trials was due to hydrolysis of sucrose. 
The pH values for fecal samples are shown in Figure 12. The values 
for lactose trials were significantly (P < 0.01) higher than those for su­
crose or starch trials. Calves had lower (P < 0.05) fecal pH when starch-
fed than when fed sucrose. A significant (P < 0.05) difference was also 
observed in the second sucrose trial compared to the first and third trials. 
The corrected values for the first and third trials were about the same 
while the corrected values for the second trial were about 0.5 pH units • 
higher. A low fecal pH was usually associated with a high reducing activity 
level. 
Average fecal dry matter content for all trials is shown in Table 6. 
There was no apparent difference in dry matter content at the various ages 
Figure 11. Reducing activity of fecal samples, mg glucose equivalent/g of sample 
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at which sucrose trials were conducted. Dry matter content was much higher 
in starch and lactose trials than in sucrose trials. The dry matter con­
tent of feces was significantly (P < 0.01) higher than of ileal samples 
when calves were fed lactose or sucrose. There was no significant dif­
ference "between calves with respect to fecal dry matter percentage. 
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DISCUSSION 
The research reported herein confirms other reports of the high degree 
of utilization of lactose by young calves and shovs that much of this utili­
zation takes place in the small intestine. When the carbohydrate in ileal 
samples from lactose-fed animals was bydrolyzed, there was at times an in­
crease in reducing activity to a value considerably higher than twice the 
reducing activity before hydrolysis. This indicates the presence of carbo­
hydrate which is neither lactose, glucose, nor galactose. This is believed 
to be the non-reducing substance observed by Eaven and Robinson (36). Al­
though little is known of the nature of this carbohydrate, it probably has 
a carbon chain length longer than lactose. Lactase has been observed to 
synthesize oligosaccharides in vitro (2) and it seems plausible that this 
reaction could also occur in vivo. 
The results of this study further indicate that part, if not all, of 
the breakdown of sucrose in the alimentary tract of calves is due to the 
action of microorganisms. This study also suggests that this action be­
gins in the samll intestine, and is continued in the large intestine. Evi­
dence for the above which might be cited includes : 
(l) There was wide variation between animals with respect to sucrose 
digestion, both orad to the large intestine (range 12 to 61$), 
as well as in the entire gastrointestinal tract (range 61 to 
99.5$). Differences of this magnitude are uncommon among ani­
mals maintained, as near as possible, under identical conditions. 
Such differences could be explained by differences in intestinal 
microbial population. 
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Differences in sucrose recovery such as that observed between the 
first three days and the fourth day in 5180 Sucrose 2 (Table 10, 
Appendix) can most easily be explained by assuming a prolifera­
tion of intestinal microorganisms. 
At times reducing activity was present in ileal samples, which 
almost certainly was due to hydrolysis of sucrose in the lumen 
of the intestine. Hydrolysis of disaccharides by enzymes of 
mammalian origin is now believed to occur in the mucosal cells 
of the small intestine (8, 26). 
That there was disappearance of sucrose in the small intestine 
is shown in the trials in which two types of ileal samples were 
taken. It is possible, if samples were taken from the ileum of 
an intact animal or from a re-entrant fistula which had been 
closed, that ingesta might be collected which had returned from 
the cecum or colon due to reverse peristalsis. In the trials 
mentioned above the samples designated Fraction 2 samples were 
taken in such a way as to preclude the collection of digesta 
which had been exposed to fermentation in the large intestine, 
yet considerable digestion had taken place in these samples. 
The difference in Fractions 1 and 2 was most obvious in calf 
7046. The arrangement of cannulae in this animal was such that 
digesta usually moved from the aboral cannula only when dis­
placed by more ingesta from the oral cannula. For this reason 
digesta were present in the aboral cannula and subject to 
fermentation in this area for a longer period of time than with 
the other calves. 
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(5) An average of 43.5$ of the sucrose fed was "digested" in the 
large intestine, an organ which apparently does not secrete 
enzymes. This apparent digestion of sucrose in the large in­
testine, shown for all sucrose trials in Table 8, has not 
previously been reported. 
It should be recognized that several calculations have been based on 
limited information concerning rate of flow of ingesta orad to the re­
entrant fistulae. Other data are not available and it is believed that 
the data as presented are much more accurate than values determined from 
sucrose/BEG with no consideration of rate of digesta flow. The flow rate 
as determined is believed to approximate the normal flow because (a) an 
average of 94$ of the BEG fed at the morning feedings was recovered in the 
subsequent 12-hour periods, and (b) the flow rate was fairly reproducible 
each time it was measured. One reason for the failure to recover all of 
the EEG fed was the loss of ileal digesta in the collection process. A 
test of the method used for calculating coefficients of sucrose digestion 
orad to the fistulae can be made by comparing the values obtained by this 
method (37$) with the values obtained by total collection (43$) on the 
days that total collections were made. 
Studies with calves have invariably shown no increase in blood reduc­
ing sugar due to the ingestion of sucrose. One might wonder then why 
monosaccharides present in the lumen of the small intestine due to hydroly­
sis of sucrose, as demonstrated in this study, are not absorbed. Dahlqvist 
and Borgstrom (8) have shown that in humans there are certain areas of the 
small intestine where disaccharides are absorbed and subsequently hydrolyzed. 
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Perhaps in the calf there exists an area in the samll intestine where mon­
osaccharides are efficiently absorbed and this area is orad to the loca­
tion where sucrose is first hydrolyzed. Larsen et al. (24) injected glu­
cose into the exteriorized rumina, caeca, jejuna, and ilia of two 
calves. They then measured the change in reducing sugar in venous blood 
draining these areas. A much greater increase in reducing sugar concen­
tration was detected in venous blood from the jejuna than from the other 
areas. Although a small, increase in reducing sugar in blood draining the 
caeca was reported, the authors recognized that the response may have been 
altered by the stress involved and the high concentration of glucose in­
jected into the tract. The fact that sucrose is hydrolyzed in vivo with­
out a resulting increase in blood reducing sugar or an excessive accumu­
lation of monosaccharides in the intestine indicates that the invert 
sugar is further metabolized to other metabolites, possibly volatile 
fatty acids. 
The pH of ileal digesta and feces is believed to be an indication of 
the degree of fermentation currently underway in the material. The degree 
of fermentation would be related to the amount of substrate available as 
well as the ease with which the substrate was fermented. This would be 
comparable to the reaction in the rumen (35). Thus, a comparison of the 
level of reducing activity in the feces (Figure 11), the fecal pH (Figure 
12), and the digestion coefficients for all trials (Table 7) is interesting. 
The pH of feces of lactose-fed animals was high, possibly an indication of 
a small amount of active fermentation because essentially all of the lac­
tose presumably was absorbed. Generally the pH values were much lower and 
the reducing activity much higher in sucrose and starch trials. This 
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generalization is well exemplified in 7051 Sucrose 1. In this trial nearly 
all of the sucrose was hydrolyzed; however, comparatively large amounts of 
reducing sugar were still present to support active fermentation and the pH 
values were low. In 7051 Sucrose 2 essentially all of the reducing sugar 
as well as sucrose was gone and the pH values were higher than in ary other 
sucrose or starch trial. Apparently when active fermentation ceased, due 
to the depletion of substrate, the pH regulation mechanism brought the pH 
back to higher levels. The factors which control pH in the large intestine 
of calves have not been thoroughly studied. According to Annison and Lewis 
(l) the factors responsible for maintaining the pH of rumen contents within 
normal limits are (a) the elimination of acids from the contents (e.g., ab­
sorption of volatile fatty acids or passage along tract), (b) the addition 
of alkali (e.g., the flow of saliva or diffusion from blood), and (c) the 
buffering of the acids within the contents (e.g., the bicarbonate and phos­
phate present). Conceivably the same factors, excepting saliva, could be 
important in maintaining the normal pH in the large intestine. 
The fecal pH values in most of the sucrose and starch trials in the 
present study were low. Blaxter and Wood (5) reported pH values from 6.0 
to 6.8 for feces from calves fed diets which caused various degrees of 
diarrhea. Owen (34) reported even higher pH values (7.06 to 7.28) for di­
gesta taken from the large intestine of sacrificed calves. Essentially 
all of the carbohydrate had been digested by the calves in these two experi­
ments. In the present study the fecal pH values in 7051 Sucrose 2, in 
which almost all of the carbohydrate was gone, are similar to those re­
ported by Blaxter and Wood (5). 
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In this study disappearance of sucrose was usually accompanied by an 
increased level of reducing activity, indicating that the hydrolysis of 
sucrose was not the rate-limiting step in the complete fermentation of 
sucrose. This observation was confirmed by preliminary in vitro experi­
ments in which sucrose was incubated with fresh calf feces. In this 
system there was a rapid initial increase, followed by a slow decline, in 
reducing activity over a period of several hours. Huber et al. (21) re­
ported that 68$ of the carbohydrate in feces from sucrose-fed calves was 
monosaccharide when the feces were collected each 12 hours. 
It was observed in the present study that large amounts of mucus were 
excreted in the feces of sucrose-fed calves. Two reasons might be ad­
vanced for this phenomenon. First, it might be related to the large amounts 
of water in feces from sucrose-fed calves (Table 6) since mucin (the major 
constituent of mucus) has the property of absorbing large quantities of 
water (32). The mucus might also serve a purpose in regulating pH. At 
times the amount of mucus in feces was such that the electrodes of the pH 
meter could be immersed in a relatively pure mass of mucus. When the elec­
trodes were thus immersed, the pH was invariably higher than when the elec­
trodes were moved to another part of the feces which contained less mucus. 
Although little importance has been attached to the role of proteins as 
buffers in the bovine digestive tract (l, 41), it is known that proteins 
have great buffering capacity and are important as buffers in certain bio­
logical systems (15). 
Starch digestion values are presented, although the author does not 
consider them to be reliable since the starch used in this study and the 
EEG did not pass at the same rate. Huber et al. (20) obtained close 
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agreement between digestion coefficients obtained in this manner and in the 
conventional total collection technique; however, more should be known 
about the excretion patterns for various starches and EEG when fed together, 
The average dry matter content of feces from starch-fed calves (19.6$) 
and of lactose-fed calves (22.7$) in the present study are similar to those 
reported by Huber et al. (21). The fecal dry matter of calves fed sucrose 
(11.6$) is lower than the average reported by Huber et al. (21) although 
in both cases this value is lower than for animals on other diets. The 
cause of soft feces from sucrose-fed calves is apparently unknown; however, 
it appears from the results in Table 6 that the effect is mediated by a 
decrease in absorption of water from the large intestine rather than a low 
dry matter content of digesta going into the large intestine. 
This is the first known report of the utilization of carbohydrates in 
the gastrointestinal tract orad to the large intestine in young calves; 
therefore, other results are not available for direct comparison. Very 
recently Henschel et al. (17) have published the results of experiments in 
which carbohydrates were introduced into the duodenum of 4 to 6 month old 
steers and digestion in the small intestine was measured. These workers 
reported average sucrose digestion of 38$ in the small intestine which 
agrees closely with the average of 41$ in this study. The average lactose 
digestion, 86$, reported by the British workers is lower than the 93$ 
average reported herein. What effect, if any, the abomasum may have had on 
disaccharide digestion in the present study is not known. 
At this point it might be well to consider the results of this study 
in light of the original objectives. The fistulation technique as finally 
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used is considered to be very satisfactory. In this study it was desired 
to obtain fistulated calves at as early an age as possible and still have 
a calf useful for a relatively long period of time. Calves under 3 weeks 
of age were not used; however, younger calves probably could be used if 
smaller cannulae were employed. 
It has been shown in this study that PEG should not be used as an in­
dicator to measure utilization of starch in some part of the gastrointes­
tinal tract until the comparative rates of passage of PEG and the particu­
lar starch being studied are known. Also, more should be known about their 
excretion patterns before accurate total digestion values can be determined. 
Sucrose, and presumably lactose, apparently pass at the same rate as PEG; 
thus, with these disaccharides PEG is satisfactory, provided also that the 
rate of flow of ingesta is known. 
Further evidence for the high utilization of lactose by young calves 
has been presented. Moreover, it has been shown that most of this utili­
zation occurs in the small intestine. Additional evidence for the lack of 
hydrolysis of sucrose by enzymes of host origin and for intestinal hydrolysis 
by microorganisms is presented. It has now been shown that this action, 
previously believed to have taken place in the large intestine, actually be­
gins in the small intestine. Estimates of the magnitude of sucrose diges­
tion in the small intestine and its relation to time of feeding and rate of 
ingesta flow are given. Other basic physiological and biochemical data, 
from which several theories can be formulated, are presented. 
The present study should be considered as an attempt to develop methods 
and to determine the reasons for the results observed, rather than quantita­
tive estimates of the various responses measured. The limited number of 
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animals used, and the variability observed between animals, precludes the 
use of data obtained in this study as an exact estimation of responses 
which might be observed in a large number of calves. 
The efficient utilization of lactose and various monosaccharides by 
young calves seems to be well established. Further research is needed to 
determine the extent to which other carbohydrates are utilized. Most of 
the research with young calves to date has been concerned with determining 
the apparent digestion of carbohydrates or the blood reducing sugar re­
sponse. Other pathways of utilization, such as fermentation to volatile 
fatty acids in the intestinal tract and subsequent utilization have re­
ceived little attention although volatile fatty acids have long been 
known to be produced in (12,31) and absorbed from (3) the large intestine 
of ruminants. Radioactive tracer techniques would be useful to study this 
possible pathway. In vitro techniques could be used to good advantage to 
study the metabolism of carbohydrates by intestinal microorganisms. Another 
possible pathway for the disappearance of sucrose in the gastrointestinal 
tract would be the absorption of the unhydrolyzed molecule. Any sucrose 
absorbed per se and circulated in the vascular system would remain unde­
tected by most of the methods used to measure blood sugar. 
Further research should be conducted to determine more accurately the 
rate of flow of digesta in the small intestine, since this factor has so 
much bearing on the degree of utilization of sucrose and possibly other nu­
trients. Additional studies of this nature should provide for more samples 
in the time interval 3 to 6 hours after feeding, the time of peak digesta 
flow. 
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Other areas of research -which have been suggested by the results ob 
tained in this study include the determination of carbohydrates present 
the digesta of lactose-fed calves, and the determination of factors con­
trolling the pH of intestinal digesta. 
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SUMMAEY 
Four male calves were used to study the utilization of lactose, sucrose 
and starch when fed so as to "by-pass the reticulo-rumen. These calves were 
fitted with re-entrant ileal fistulae, located about 5 inches orad to the 
ileo-caecal junction, at 3 weeks of age. The calves were maintained on 
milk supplemented with vitamins, minerals, and an antibiotic. During ex­
perimental periods the calves were fed milk (lactose trials), milk plus 
sucrose (sucrose trials), or milk plus starch (starch trials). In all 
trials polyethylene glycol (EEG) was added as a marker. The calves were 
fed "by nipple pail at 7 AM and 7 PM and ileal and fecal samples were taken 
at 0, 3, 6, 9, and 12 hours after the morning feeding. The trials were con­
ducted at various ages from 1 to 4.5 months. 
In the lactose trials, an average of 93$ of the lactose fed was di­
gested orad to the large intestine and apparent digestion was essentially 
completed in the large intestine. 
The recovery of sucrose at the ileal fistulae was usually highest at 
3 and 6 hours after feeding. In one trial conducted to measure ileal di­
gesta flow, approximately 87$ of the digesta that passed the fistula in 
the 12-hour period following feeding passed in the 6-hour interim from l-l/2 
to 7-1/2 hours after feeding. Based on this information, the average su­
crose digestion orad to the fistulae was 12, 40, 51, and 61$ for each of 
the four calves. The average digestion of sucrose in the entire digestive 
tract posterior to the reticulo-rumen was 61, 88, 89, and 99$, listed in 
the same order. Thus digestion in the large intestine averaged from 38 to 
49$ of the sucrose fed. 
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In one sucrose trial with three calves, two types of ileal samples 
were collected. The first type consisted of digesta present in, or near, 
the cannulas at sampling time. The second type was digesta which passed 
during the period from 1 to 20 minutes after sampling time. Results ob­
tained with this, type of sampling, which precluded regurgitation from the 
large intestine, definitely established that some of the sucrose was di­
gested in the small intestine. Differences in the two types of samples, 
especially with one calf, demonstrated that rapid breakdown of sucrose 
was occurring in the area of the fistulae. 
Reducing sugar levels and pH values support the hypothesis that part, 
if not all, of the breakdown of sucrose was due to the action of micro­
organisms . 
Based on starch/FEG ratios it was apparent that this type of starch 
(predominantly amylopectin) and PEG did not pass at the same rate in the 
digestive tract. 
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APPENDIX 
Table 9. Results, 5180 Sucrose 1 
Ileal 
Hours after feeding 
0 3 6 9 
November 27 
Reducing Sugar8, .46 .44 .62 .72 
Sucrose8- 2.94 .34 26.42 32.14 
FEGa . .72 .42 2.28 3.00 
Dry matter 5.62 9.38 4.51 4.88 
November 28 
Reducing Sugar - 1.08 1.25 .54 
Sucrose - 40.24 29.90 14.41 
PEG - 3.72 3.50 1.82 
Dry matter - 5.92 
November 29 
Reducing Sugar .72 1.39 1.20 .96 
Sucrose 3.69 36.42 35.18 20.98 
PEG .78 3.24 3.00 2.68 
Dry matter 4.98 6.86 5.34 6.74 
amg/g of sample 
b , per cent 
Hours 
12 0 3 
Fecal 
after feeding 
6 9 12 
.41 
2.59 
.57 
4.40 
3.05 
58.32 
7.68 
10.40 
3.60 
54.28 
9.12 
12.18 
2.85 
52.02 
9.30 
11.72 
2.78 
33.85 
9.70 
13.30 
4.30 
50.70 
7.98 
11.82 
.82 
4.55 
1.32 
6.82 
4.45 
54.92 
7.20 
10.65 
6.25 
52.00 
8.22 
10.94 
5.02 
43.85 
9.84 
11.71 
4.80 
47.95 
11.28 
12.20 
7.82 
48.55 
11.40 
12.94 
.54 
.59 
.84 
7.36 
7.72 
48.16 
8.52 
10.53 
7.08 
14.46 
6.99 
11.26 
16.54 
9.65 
6.77 
10.44 
15.90 
11.28 
Table 9. (Continued) 
November 30 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
Average 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
Ileal Fecal 
Hours after feeding Hours after feeding 
0 3 6 9 12 0 3 6 9 12 
.36 
1.10 
.62 
1.34 
32.23 
3.16 
6.19 
1.14 
37.34 
3.90 
5.70 
.42 
10.38 
1.38 
4.62 
.22 5.68 
2.34 23.80 
.63 9.90 
2.79 9.27 
3.68 
40.78 
10.08 
11.43 
2.92 
25.06 
10.44 
11.85 
3.15 
35.77 
10.74 
10.73 
4.50 
46.34 
9.72 
9.72 
.51 1.06 1.05 .66 .50 5.22 4.51 6.31 5.10 5.54 
2.58 27.31 32.21 19.48 2.52 46.30 49.02 31.98 31.08 48.53 
.71 2.64 3.17 2.22 .84 8.32 8.62 10.21 10.54 10.10 
5.30 7.09 5.18 5.41 5.34 10.21 11.52 12.96 13.03 11.49 CD 
Table 10. Results, 5180 Sucrose 2 
Ileal 
Hours after feeding 
0 3 6 9 
January 22 
Reducing Sugar .13 .62 .34 .08 
Sucrose8- .94 34 .47 25 .76 3 .92 
FEGa b .40 3 .26 2 .75 .78 
Dry matter 3 .29 4 .66 4 .04 2 .94 
PH 8 .10 8 .20 7 .90 8 .20 
January 23 
Reducing Sugar .08 .72 .33 .23 
Sucrose 1 .47 34 .24 19 .16 8 .68 
PEG .76 3 .48 2 .02 1 .53 
Dry matter 3 .64 5 .06 3 .68 3 .06 
PH 8 .05 8 .20 7 .60 8, .20 
January 24 
Reducing Sugar .10 .72 .46 .60 
Sucrose 0 30, .80 19, .58 14, .72 
PEG 1. 29 3, .02 2, .14 2, .53 
Dry matter 7, .82 4, .52 4, .46 7. 08 
PH 7, .95 8, .00 7, .80 7. ,70 
amg/g of sample 
p^er cent 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
.16 - 4.50 3.25 2.51 3.20 
.30 - 21.06 46.40 59.30 58.62 
.48 - 9.75 6.90 14.74 16.65 
2.78 - 13.22 9.74 9.94 8.86 
8.00 6.30 6.20 6.60 6.50 
.26 5.89 4.84 4.22 2.47 3.36 
1.06 44.90 19.50 28.22 52.72 50.50 
.84 9.00 7.68 8.16 7.83 7.92 
4.77 12.70 15.10 15.30 10.32 12.20 
5.45 5.95 5.35 6.30 
.26 11.44 3.84 11.18 17.35 10.62 
1.86 1.95 21.86 35.22 36.22 40.92 
.76 13.11 4.44 7.80 8.04 9.24 
4.43 16.77 8.47 9.75 9.22 10.30 
7.75 4.90 6.80 5.80 5.80 5.70 
Table 10. ( Continued) 
Ileal Fecal 
Hours after feeding Hours after feeding 
0 3 6 9 12 0 3 6 9 12 
January 25 
Reducing Sugar .39 1. 14 .28 .30 12, .66 - 7, .70 9, .02 .98 
Sucrose .59 35 > 06 - 4.32 .82 12, .09 0 0 0 
PEG 2.14 3, .84 1.52 1.60 12, .48 12.10 18, .51 14. 76 17, .16 
Dry matter 4.70 5, .30 - - 13, .68 17. 98 14. ,87 16. 60 
PH 7.95 8, .05 - 8.55 5, .40 5, .90 4. .90 5, .40 
Average 
Redusing Sugar .18 .80 .38 .30 .24 10. 00 4, .39 6 .59 7 .84 4, .54 
Sucrose .75 33 .64 21. 50 7 .91 1 .01 19, .65 20, .81 27, .46 37 .06 37 .51 
PEG 1 .15 3, .40 2 .30 1 .59 .92 11, .53 8, .49 10, .34 11, .34 12, .74 
Dry matter 4, .86 4, .88 4, .06 4, .36 3 .99 14, .38 12, .26 13, .19 11, .09 11, .99 
PH 8, .01 8, .11 7, .77 8. 03 8 .10 5, .25 6, .35 5, .81 5, .90 5. 87 
Table 11. Results, 6062 Sucrose 1 
Ileal 
Hours after feeding 
0 3 6 9 
March 5 
Reducing Sugar .14 5.24 .66 .14 
Sucrose® .78 30.22 17.08 .40 
FEGa b .86 2.40 2.10 .41 
Dry matter 10.37 6.95 7.90 2.64 
PH 7.15 7.85 7.60 7.85 
March 6 
Reducing Sugar .19 12.00 1.65 .06 
Sucrose .37 32.45 17.24 .14 
PEG 2.28 4.80 4.77 .18 
Dry matter 6.50 - 9.60 2.91 
PH 6.70 7.50 6.80 7.85 
March 7 
Reducing Sugar .34 19.40 4.49 .32 
Sucrose 0 71.94 0 0 
PEG .30 4.68 3.44 1.60 
Dry matter - - - -
PH 7.75 8.10 7.90 7.50 
a 
mg/g of sample 
b per cent 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
.10 2.70 .91 3.78 13.44 15.57 
0 1.00 0 31.59 15.40 7.16 
.26 8.01 8.55 6.15 7.65 10.92 
3.18 11.46 22.36 9.08 10.07 11.56 
7.95 5.25 6.05 5.50 5.40 5.50 
.04 2.11 1.34 6.20 8.17 2.14 
.39 0 1.01 19.66 6.21 0 
.12 12.63 9.75 5.46 8.94 10.14 
3.86 20.22 15.08 8.48 12.12 14.00 
7.70 5.35 5.80 4.70 5.05 5.75 
.06 13.82 1.18 6.56 9.49 1.82 
.59 0 0 30.46 23.53 0 
.36 8.10 2.55 6.75 7.44 9.24 
- 13.56 12.76 8.66 12.09 17.89 
8.50 5.30 6.35 5.30 4.90 5.05 
Table 11» (Continued) 
Ileal Fecal 
Hours after feeding Hours after feeding 
3 3 6 9  1 2  0  3  6  9  1 2  
March 8 
Reducing Sugar .16 3.38 4.31 .24 .16 1.06 .84 9.88 10.66 1.62 
Sucrose 0 20.98 5.10 0 0 0 0 28.08 14.30 0 
PEG .24 2.95 2.52 1.47 .30 13.89 13.49 7.95 9.87 10.87 
Dry matter 6.22 8.02 - 5.90 4.87 12.42 15.76 8.48 9.74 15.39 
PH 8.10 7.35 8.55 7.65 8.05 5.90 6.65 4.95 4.75 5.00 
March 9 
Reducing Sugar .22 4.79 7.84 .29 .15 1.54 1.00 24.03 8.77 1.55 
Sucrose 0 38.06 1.94 .28 0 0 0 11.69 11.01 0 
PEG .44 4.47 3.14 .76 .39 1.85 8.37 6.69 5.57 12.44 
Diy matter 13.67 - 4.40 - 6.30 - 25.65 10.19 - 21.56 
PH 7.65 7.60 7.70 8.40 7.50 - 6.80 5.20 7.30 6.15 
Average 
Reducing Sugar .21 8.96 3.79 .21 .10 4.25 1.05 10.09 10.11 4.54 
Sucrose .23 38.73 8.27 .16 .20 .20 .20 24.30 14.09 1.43 
PEG .82 3.86 3.19 .88 .29 8.90 8.54 6.60 7.89 10.72 
Dry matter 9.19 7.48 7.30 3.82 4.55 14.42 18.32 8.98 11.00 16.08 
PH 7.47 7.68 7.71 7.85 7.94 5.45 6.33 5.13 5.48 5.49 
Table 12. Results, 6062 Sucrose 2 
April 24 
Reducing Sugar8, 
Sucrose0, 
EEGa b 
Diy matter 
PH 
April 25 
Reducing Sugar 
Sucrose 
REG 
Dry matter 
PH 
April 26 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
PH 
amg/g of sample 
p^er cent 
Ileal 
Hours after feeding 
0 3 6 9 
.14 .93 2.12 .66 
.10 21.89 36.90 15.88 
.42 2.69 4.74 3.53 
3.92 5.19 5.71 7.78 
7.65 7.30 7.50 7.60 
.40 .78 2.84 1.26 
.48 12.56 21.75 5.16 
1.30 1.60 3.75 4.86 
7.16 4.57 4.43 4.55 
7.75 7.30 7.35 7.20 
.18 .55 2.38 1.77 
0 9.49 20.78 9.76 
.76 1.15 3.73 4.52 
5.42 - 5.97 6.62 
7.70 7.40 7.25 7.10 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
.05 3.16 2.65 2.23 2.93 1.97 
.66 31.03 25.96 13.80 34.62 18.82 
.96 11.64 12.00 12.42 10.44 13.32 
4.89 8.37 9.15 9.64 9.12 9.72 
7.85 4.55 4.45 4.35 4.70 4.20 
.18 4.32 5.22 6.80 5.42 4.18 
.06 5.72 30.02 17.25 19.50 24.46 
.51 13.98 12.00 12.48 13.14 . 14.73 
- 11.48 9.58 11.22 9.70 9.46 
7.25 4.60 4.65 4.65 4.40 4.55 
.44 12.14 2.16 11.85 9.58 
.31 - 1.78 0 4.55 20.88 
2.02 - 13.02 16.83 11.82 10.35 
8.58 - 9.68 17.52 12.13 9.55 
7.40 - 4.70 5.55 4.70 4.55 
Table 12. (Continued) 
Ileal. 
Hours after feeding 
0 3 6 9 12 0 
Hours 
3 
Fecal 
after feeding 
6 9 12 
April 27 
Reducing Sugar .02 1.04 1.33 .54 .01 10.16 3.47 1.08 5.80 8.04 
Sucrose 0 30.38 21.03 2.14 0 11.94 .14 .50 1.71 16.56 
PEG .42 3.27 3.34 1.25 .63 11.04 13.08 14.13 10.92 10.05 
Dry matter 3.41 4.95 5.80 10.45 2.30 9.48 11.14 12.33 9.55 9.92 
PH 8.00 7.80 7.35 7.65 7.85 4.65 4.65 5.85 4.60 4.65 
Average 
Reducing Sugar .18 .82 2.17 1.06 .17 5.88 5.87 3.07 6.50 5.94 
Sucrose .14 18.58 25.12 8.24 .26 16.23 14.48 7.89 15.10 20.18 
PEG .73 2.18 3.89 3.54 1.03 12.22 12.52 13.96 11.58 12.11 
Dry matter 4.98 4.90 5.48 7.35 5.26 9.78 9.89 12.68 10.12 9.66 
PH 7.78 7.45 7.36 7.39 7.59 4.60 4.61 5.10 4.60 4.49 
8 
86 
Table 13a. Results, 6062 Sucrose • 3 (ileal fraction l) 
Hours after feeding 
0 3 6 9 12 
June 6 
Reducing Sugar8, - 1.50 2.06 5.00 -
Sucrose8, - 43.88 38.34 42.02 -
PEGa b - 4.65 5.78 6.75 -
Dry matter - 5.94 6.66 - -
PH - - 7.55 6.05 -
June 7 
Reducing Sugar .48 3.06 1.30 1.87 .29 
Sucrose 0 43.38 31.52 52.35 .06 
PEG 3.63 5.31 4.60 7.76 1.48 
Dry matter 5.27 7.14 5.54 6.34 4.12 
PH 7.05 7.25 7.20 6.85 7.40 
June 8 
Reducing Sugar - 1.86 1.63 4.23 -
Sucrose - 4.54 28.93 28.48 -
PEG - 3.06 3.98 6.86 -
Dry matter - 5.68 5.11 5.75 -
PH - 7.45 7.55 6.65 -
June 9 
Reducing Sugar .32 .19 - 2.09 .21 
Sucrose .05 .65 - 9.59 0 
PEG 3.32 1.78 - 5.10 2.34 
Dry matter 4.08 - - - 3.88 
PH 7.30 7.25 - 6.40 7.40 
Average 
Reducing Sugar .40 1.65 1.66 3.30 .25 
Sucrose .02 23.11 32.93 33.36 .03 
PEG 3.48 3.70 4.79 6.62 1.91 
Dry matter 4.68 6.25 5.77 6.04 4.00 
PH 7.18 7.32 7.43 6.49 7.40 
amg/g of sanrple 
"b per cent 
87 
Table 1513. Results, 6062 Sucrose 5 (ileal fraction 2) 
0 
Hours after feeding 
3 6 9 12 
June 6 
Reducing Sugar3" .54 1.71 2.74 2.26 -
Sucrose8, .35 39.81 33.65 25.33 -
PEG8, b 2.73 4.53 5.68 8.16 -
Dry matter 5.16 5.57 6.36 - -
PH 7.45 7.65 7.60 6.65 -
June 7 
Reducing Sugar .26 2.51 1.30 - .84 
Sucrose 0 46.57 31.52 - 0 
PEG 1.92 5.25 4.60 - 1.68 
Dry matter 3.96 6.79 5.54 - 3.72 
PH 7.55 7.40 7.35 - 7.60 
June 8 
Reducing Sugar 1.34 2.86 1.32 4.00 2.00 
Sucrose 0 26.90 28.74 23.58 .02 
PEG 7.47 4.28 4.58 7.52 2.19 
Dry matter 7.83 6.46 5.34 6.33 4.36 
PH 6.85 7.25 7.40 6.65 7.75 
June 9 
Reducing Sugar .13 1.93 2.57 2.11 .18 
Sucrose .12 28.50 42.38 14.80 .26 
PEG 1.89 4.26 5.67 9.87 2.49 
Dry matter 3.51 6.05 ' 6.04 8.04 3.88 
PH 7.95 7.30 7.45 7.50 7.85 
Average 
Reducing Sugar .57 2.25 1.98 2.79 1.01 
Sucrose .12 35.44 34.07 21.24 .09 
PEG 3.50 4.58 5.13 8.52 2.12 
Dry matter 5.12 6.22 5.82 7.18 3.99 
PH 7.45 7.40 7.45 6.93 7.73 
amg/g of sample 
per cent 
88 
Table 15c. Results, 6062 Sucrose 5 (fecal) 
0 
Hours after feeding 
5 6 9 12 
June 6 
Reducing Sugar 
Sucrose 
EEGa % 
Dry matter 
PH 
a 
June 7 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
PH 
June 8 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
PH 
June 9 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
PH 
Average 
1.45 
2.84 
13.52 
10.30 
4.50 
2.88 
1.64 
12.54 
10.19 
4.20 
1.95 
0 
18.48 
8.96 
4.05 
3.17 
14.16 
15.72 
9.20 
4.50 
9.80 
21.40 
26.82 
9.99 
5.25 
5.98 
17.68 
11.82 
9.50 
4.50 
3.14 
27.36 
14.40 
9.82 
4.80 
1.89 
36.55 
10.92 
8.56 
4.75 
4.20 
3.00 
13.20 
10.42 
4.15 
5.34 
34.92 
16.08 
9.54 
4.70 
1.47 
27.27 
15.72 
9.37 
6.10 
Reducing Sugar 2.09 6.48 5.98 3.08 3.40 
Sucrose 1.49 17.78 17.68 22.30 31.10 
PEG 14.78 21.27 11.82 12.84 15.90 
Dry matter 9.82 9.60 9.50 9.60 9.46 
pH 4.18 4.88 4.50 4.57 5.40 
amg/g of sample 
"b per cent 
Table 14. Results, 6062 Lactose 
March 19 
Reducing sugar3, 
CH0a>b 
PEGa c 
Dry matter 
PH 
March 20 
Reducing sugar 
CHO 
PEG 
Dry matter 
PH 
March 21 
Reducing sugar 
CHO 
PEG 
Dry matter 
PH 
Ileal Fecal 
Hours after feeding Hours after feeding 
0 36 9 12 03 6 9 12 
.10 1.55 1.01 .08 .03 .25 .28 .62 .04 .40 
.48 4.76 2.60 .18 .09 1.47 1.60 1,76 .90 1.34 
.56 - 4.29 1.08 - 29.71 21.84 13.54 18.90 15.09 
2.35 3.13 6.86 3.29 11.33 26.50 24.26 - 20.65 21.90 
7.95 7.89 7.65 7.95 8.20 7.45 7.35 7.10 6.70 7.35 
.03 2.08 .51 .06 .06 0 .49 3.24 .28 
3.95 - - - - .99 1.06 4.20 1.28 
.44 3.16 1.83 .67 .64 - 14.01 10.08 23.04 22.38 
3.60 7.67 6.90 3.14 4.64 - 24.72 23.40 19.21 23.22 
8.00 7.45 7.80 8.10 8.00 7.35 7.15 5.60 6.90 
.32 4.95 .48 .17 .03 .32 .11 0 
4.00 - - - 1.32 - 1.38 1.88 -
3.66 2.30 2.56 1.10 .40 5.28 - 14.01 17.10 -
6.66 - 2.95 2.16 1.68 30.62 - 16.83 23.80 -
7.25 7.30 7.80 8.05 7.85 7.10 - 6.95 6.95 -
amg/g of sample 
d^enotes carbohydrate 
Cper cent 
Table 14. (Continued) 
March 22 
Average 
Ileal Fecal 
Hours after feeding Hours after feeding 
0  3 6 9  1 2  0 3  6  9  1 2  
Reducing sugar .06 2.78 . 62 .10 . 06 .34 . 29 . 60 1.22 . 41 
CHO - 5.27 - 1.50 1.35 1.80 2.00 1.24 
BEG .32 4.29 3.74 - - 22.62 8.28 9.06 20.76 23.28 
Dry matter - 6.49 - 6.10 3.84 20.48 24.88 27.20 20.99 25.90 
pH 8.15 7.55 7.85 8.25 8.05 7.15 7.60 6.60 6.10 
Reducing sugar .13 2.84 .66 .10 .04 .30 .19 .46 1.12 .36 
CHO .48 4.50 2.60 .18 .09 1.43 1.31 1.50 2.24 1.29 
PEG 1.24 3.25 3.10 .95 .52 19.20 14.71 11.67 19.95 20.25 
Dry matter 4.20 5.76 5.57 3.67 5.37 25.87 24.62 22.48 21.16 23.67 
PH 7.84 • 7.55 7.78 8.09 8.02 7.23 7.43 6.95 6.34 7.12 
Table 15. Results, 6062 Starch 
Ileal 
Hours after feeding 
0 3 6 12 0 
Fecal 
Hours after feeding 
6 9 12 
March 26 
CHO' 
a,b 
PEG c 
Dry matter 
PH 
20.3 
.54 
7.80 
18.2 
10.51 
7.29 
7.70 
29.2 
7.25 
7.75 
38.1 
.79 
15.6 
.30 
7.05 7.70 
78.3 
22.80 
18.51 
4.85 
82.7 
17.76 
21.88 
4.80 
52.2 
10.90 
22.06 
4.25 
March 27 
CHO 
PEG 
Dry matter 
PH 
77.8 
.56 
15.86 
7.40 
33.8 
12.35 
8.20 
45.5 
12.64 
11.83 
7.40 
71.1 
1.29 
7.95 
32.2 
.60 
6.92 
7.90 
32.1 
20.40 
19.61 
5.05 
59.6 
13.53 
19.92 
4.45 
67.6 
11.28 
23.01 
4.45 
55.9 
17.04 
18.74 
4.40 
I#rch 28 
CHO 
PEG 
Dry matter 
PH 
88.6 
.61 
14.97 
7.35 
34.7 
15.30 
8.57 
73.9 
11.12 
14.28 
7.65 7.70 
88.5 
1.82 
14.06 
47.2 
.75 
8.26 
45.1 
13.89 
18.70 
7.70 7.70 4.75 
44.6 
10.44 
16.89 
4.60 
84.1 
3.90 
21.18 
4.55 
69.2 
11.32 
18.36 
75.4 
11.01 
20.00 
4.50 4.40 
a denotes carbohydrate 
\ig/g of sample 
"per cent 
Table 15. (Continued) 
March 29 
Average 
Ileal Fecal 
Hours after feeding Hours after feeding 
0  3 6 9  1 2  0 3  6 9  1 2  
CHO 111.5 73.0 130.0 129.0 61.2 72.3 94.8 110.4 82.2 53.2 
PEG .97 2.46 12.18 3.42 1.11 9.42 9.45 4.41 6.33 14.22 
Dry matter 14.87 13.76 15.22 14.93 10.46 19.02 20.06 21.42 18.80 15.50 
pH 7.15 7.60 7.15 7.40 7.60 4.55 4.70 4.50 4.55 4.45 
CHO 74.6 39.9 69.6 81.7 39.0 57.0 69.7 84.2 67.8 61.5 
PEG .67 10.16 10.80 1.83 .69 16.63 9.94 9.90 9.96 14.09 
Dry matter 14.57 9.87 13.78 14.50 8.55 18.96 18.48 21.10 20.56 18.08 
pH 7.42 7.79 7.50 7.52 7.72 4.80 4.65 4.58 4.44 4.42. 
Table 16. Results, 7046 Sucrose 1 
Ileal 
Hours after feeding 
0 3 6 9 
April 18 
Reducing sugar 1 .04 1 .92 2 .08 1 .56 
Sucrose8, 1 .92 41 .71 35 .23 15 .22 
BEG* b 14 .52 11 .84 12 .10 13 .41 
Dry matter - 6 .38 6 .24 6 .04 
PH 8 .60 7 .55 7, .00 7, .55 
April 19 
Reducing sugar .80 1, .35 1. 66 1. 49 
Sucrose .60 47, .88 37, .14 31, .61 
PEG 7, .86 11, .67 13, .38 5, .90 
Dry matter - 6, .95 6, .93 -
PH 7, .35 7, .45 6, .90 6. 70 
April 20 
Reducing sugar .47 2, .32 3, .06 6. ,06 
Sucrose 1, .22 44. ,69 38. ,92 30, 58 
PEG 2, .72 5, ,51 6. ,68 8. ,86 
Dry matter - 6. ,14 6. ,29 6. ,71 
PH 7. ,85 7. ,65 7. ,70 -
amg/g of sample 
bper cent 
Hours 
12 0 3 
Fecal 
after feeding 
6 9 12 
.60 
0 
7.52 
.91 
45.70 
10.20 
5.76 
42.86 
12.66 
2.00 
31.08 
11.40 
4.56 
36.12 
9.84 
6.94 
30.24 
11.40 
7.95 4.95 5.55 4.40 4.45 4.70 
.96 
2.88 
3.45 
6.79 
7.05 
6.50 
38.54 
10.26 
4.60 
4.48 
40.83 
12.24 
9.14 
4.80 
6.50 
23.70 
11.76 
4.95 
5.48 
33.84 
10.68 
4.45 
6.81 
32.51 
12.54 
10.68 
4.35 
co 
cn 
.34 
.92 
2.47 
3.08 
16.41 
12.51 
5.68 
14.85 
16.20 
3.92 
21.34 
11.88 
4.32 
13.90 
12.72 
4.08 
11.58 
14.58 
7.45 4.30 4.55 4.30 4.25 4.20 
Table 16. (Continued) 
Ileal Fecal 
Hours after feeding Hours after feeding 
0  3 6 9  1 2  0 3  6 9  1 2  
April 21 
Reducing sugar .36 2.22 2.94 4.94 .34 5.92 .91 .80 6.42 9.00 
Sucrose .56 44.39 28.18 25.87 .62 1.16 23.82 0 9.12 11.43 
PEG 3.36 5.67 5.18 9.42 3.02 15.36 16.86 16.32 12.90 13.68 
Dry matter 6.89 6.43 6.60 - 10.52 - - - - -
PH 7.45 7.75 6.95 4.90 7.60 4.75 - 5.10 4.40 4.45 
Average 
Reducing sugar .67 1.95 2.44 3.51 .56 4.10 4.21 3.30 5.20 6.71 
Sucrose 1.08 44.67 34.87 25.82 1.10 25.45 30.59 19.03 23.24 21.44 
PEG 7.12 8.67 9.34 9.40 4.12 12.08 14.49 12.84 11.54 13.05 
Dry matter 6.89 6.48 6.52 6.38 8.66 - 9.14 - - 10.68 
PH 7.81 7.60 7.14 6.38 7.51 4.65 4.97 4.69 4.39 4.42 
95 
Table 17a. Results, 7046 Sucrose 2 (ileal fraction l) 
0 
Hours after feeding 
3 6 9 12 
June 6 
Reducing Sugar 
Sucrose8, 
PEGa 
Dry matter 
PH 
June 7 
Reducing Sugar 3.57 1.02 
Sucrose 0 23.53 
PEG 6.38 4.12 
Dry matter 5.70 4.98 
pH 5.45 6.80 
June 8 
Reducing Sugar 3.08 
Sucrose 0 
PEG 4.47 
Dry matter 
pH 6.30 
June 9 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
PH 
Average 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
PH 
3.32 
0 
5.42 
5.70 
5.88 
.90 
.57 
2.64 
6.90 
.96 
12.05 
3.38 
4.98 
6.85 
12.88 
24.97 
7.10 
6.57 
5.20 
2.44 
38.51 
4.86 
7.60 
7.66 
31.74 
5.98 
6.57 
6.40 
3.66 
39.66 
7.75 
5.15 
9.72 
12.66 
8.91 
7.10 
7.80 
31.12 
7.84 
6.36 
5.10 
6.98 
30.46 
8.49 
6.25 
5.10 
7.04 
28.48 
8.25 
6.30 
5.61 
4.24 
1.22 
10.56 
6.72 
4.85 
18.37 
0 
7.50 
5.66 
5.55 
8.53 
18.23 
10.14 
5.00 
10.38 
6.48 
9.40 
6.19 
5.13 
amg/g of sample 
"b per cent 
96 
Table 17b. Results, 7046 Sucrose 2 (ileal fraction 2) 
Hours after feeding 
0 3 6 9 12 
June 6 
Reducing Sugar 1.26 2.02 2.30 2.99 
Sucrose3 9.24 42.48 37.34 38.37 
PEGa , 6.20 5.60 5.58 7.76 
Dry matter 7.75 - 6.22 
pH 7.25 6.90 7.10 6.50 
June 7 
Reducing Sugar .14 .52 3.34 - .27 
Sucrose 0 17.59 39.82 - .23 
PEG 2.37 2.25 6.24 - 3.66 
Dry matter - 3.83 6.84 - 5.00 
pH 7.55 7.45 6.55 - 7.50 
June 8 
Reducing Sugar - 3.36 2.10 11.76 
Sucrose - 40.10 40.29 24.43 
PEG - 5.57 5.37 8.76 
Dry matter - 7.81 6.02 6.72 
pH - 7.30 7.50 5.55 
June 9 
Reducing Sugar - 1.60 1.58 3.51 
Sucrose - 37.86 42.74 36.78 
PEG - 5.19 5.19 7.50 
Dry matter - 6.78 - 6.27 
pH - 7.55 7.55 7.35 
Average 
Reducing Sugar .70 1.88 2.33 6.09 .27 
Sucrose 4.62 34.51 40.05 33.19 .23 
PEG 4.28 4.65 5.60 8.01 3.66 
Dry matter 7.75 6.14 6.36 6.50 5.00 
pH 7.40 7.30 7.18 6.47 7.50 
a 
mg/g of sample 
"b , per cent 
97 
Table 17c» Results, 7046 Sucrose 2 (fecal) 
Hours after feeding 
3 6 9 12 
June 6 
Reducing Sugar 
Sucrose8-
FEGa  ^
Dry matter 
PH 
a 
June 7 
Reducing Sugar 
Sucrose 
BEG 
Dry matter 
PH 
June 8 
June 9 
Reducing Sugar 
Sucrose 
BEG 
Dry matter 
PH 
1.26 
.42 
16.98 
5.00 
Reducing Sugar .37 
Sucrose 0 
BEG 20.70 
Dry matter 17.79 
pH 6.00 
2.30 
.06 
23.72 
4.75 
8.05 
17.81 
14.84 
10.06 
4.95 
1.12 
0 
28.08 
5.80 
5.14 
.13 
10.86 
10.40 
4.25 
2.56 
.08 
19.02 
4.70 
8.72 
.18 
18.60 
14.48 
4.80 
.70 
0 
23.94 
14.36 
6.60 
5.04 
6.11 
23.94 
4.55 
.48 
.54 
23.38 
4.95 
0 
.16 
27.84 
14.24 
6.60 
2.12 
2.76 
21.84 
12.81 
4.35 
1.04 
0 
21.45 
12.53 
5.00 
.56 
0 
28.20 
18.34 
5.80 
.52 
0 
24.36 
5.35 
Average 
Reducing Sugar 1.31 4.77 4.26 .87 .71 
Sucrose .16 5.98 1.59 1.15 0 
BEG 20.47 17.93 21.38 24.35 24.67 
Dry matter 17.79 10.23 14.42 13.52 15.44 
pH 5.25 5.00 5.16 5.30 5.38 
amg/g of sample 
"b per cent 
Table 18. Results, 7046 Lactose 
Ileal 
Hours after feeding 
0 3 6 9 
May 7 
Reducing Sugar8 
c 
CHO 
FEGa 
Dry matter" 
PH 
May 8 
Reducing Sugar 
CHO 
BEG 
Dry matter 
PH 
May 9 
Reducing Sugar 
CHO 
BEG 
Dry matter 
PH 
.48 2.42 0 .24 
1.08 20.18 .56 .70 
2.00 11.18 3 .68 3.14 
- 7.75 - -
7.25 7.50 6.80 6.90 
.72 5.99 
1.50 8.22 - -
2.56 16.10 - -
7.80 6.70 - -
.24 4.68 3.44 .26 
1.00 8.65 5.35 1.28 
.48 11.50 12.24 5.76 
- 2.56 - -
7.90 7.05 7.00 8.40 
mg/g of sample 
d^enotes carbohydrate 
°per cent 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
0 
.18 
2.18 
.28 
.72 
45.24 
7.60 
.30 
.78 
56.88 
6.55 
.08 
.67 
46.26 
7.65 
.16 
.70 
45.00 
25.6 
7.55 
.08 
.90 
41.70 
25.5 
8.05 
.28 
.80 
.10 
.72 
48.29 41.76 
8.10 7.90 
.18 
.90 
49.80 
8.00 
to 
CO 
.15 
.71 
38.64 
22.9 
7.70 
.06 
.80 
33.12 
21.2 
8.00 
0 
.88 
47.36 
.40 
1.99 
37.62 
.16 
.94 
38.40 
24.9 
7.80 
Table 18. (Continued) 
May 10 
Reducing sugar 
CHO 
PEG 
Dry matter 
PH 
Average 
Reducing sugar 
CHO 
EEC 
Dry matter 
PH 
Ileal Fecal 
Hours after feeding Hours after feeding 
0 3 6 9 12 03 6 9 12 
.66 
1.42 
4.36 
7.10 
.62 
.80 
2.28 
6.06 
11.65 
21.56 
8.00 7.45 
1.32 
1.70 
5.08 
6.90 
.14 
.76 
41.46 
23.41 
7.90 
.13 
.72 
40.56 
22.84 
8.05 
.20 
.90 
37.26 
22.72 
8.15 
32.64 
22.98 
8.05 
0 
.76 
34.20 
20.80 
7.95 
.52 
1.25 
2.35 
7.51 
3.43 
9.46 
10.26 
5.16 
7.31 
3.17 
5.85 
12.49 
7.22 
.25 
.99 
4.45 
.66 
.94 
3.63 
7.65 6.90 
.18 
.72 
42.58 
23.97 
7.69 
.09 
.81 
38.46 
23.18 
8.03 
.19 
.84 
47.45 
22.72 
8.12 
.25 
1.19 
37.34 
22.98 
7.50 
.10 
.82 
42.16 
22.85 
7.85 
to 
to 
Table 19. Results, 7046 Starch 
May 22 
CH0j'b 
PEG c 
Dry matter 
PH 
May 23 
CHO 
EEG 
Dry matter 
PH 
May 24 
CHO 
PEG 
Dry matter 
PH 
Ileal 
Hours after feeding 
0 3 6 9 
137.0 
1.84 
16.45 
6.90 
78.8 
17.60 
12.98 
7.20 
23.8 161.5 
21.40 
6.75 
7.27 
19.57 
7.95 
140.0 
3.06 
6.50 
41.3 
21.8 
9.52 
7.05 
48.6 
31.4 
7.95 -
122.0 
4.06 
22.76 
6.35 
64.4 
18.9 
11.58 
7.15 
40.0 
7.00 -
d^enotes carbohydrate 
m^g/g of sample 
°per cent 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
190.0 
2.38 
7.10 
101.7 124.5 
11.43 
16.66 
4.95 
8.40 
5.05 
75.0 
12.42 
4.35 
188.0 
7.52 
57.6 
23.40 
15.06 
4.35 
132.0 
6.82 
6.45 
115.3 
19.92 
18.11 
4.15 
55.2 
24.60 
13.92 
4.50 
50.0 
29.70 
5.30 
130.0 
18.48 
18.88 
4.50 
60.9 
20.34 
16.00 
4.40 
H 
o 
o 
93.8 
20.52 
20.54 
4.55 
80.2 
21.54 
14.54 
4.45 
113.2 
16.14 
5.15 
64.6 
26.88 
21.04 
4.55 
126.4 
23.04 
15.98 
4.45 
Table 19. (Continued) 
Ileal 
Hours after feeding 
0 3 6 12 
Fecal 
Hours after feeding 
6 9 12 
May 25 
CHO 
PEG 
Dry matter 
PH 
Average 
CHO 
PEG 
Dry matter 
PH 
175.5 
2.40 
20.50 
6.85 
143.6 
2.84 
19.90 
6.65 
42.1 75.0 
19.6 13.09 
9.00 -
6.70 7.10 
61.5 
19.40 
11.36 
7.13 
38.6 
24.13 
9.00 
7.10 
118.2 
10.18 
19.57 
7.52 
161.0 
4.60 
6.78 
53.2 
26.88 
13.78 
4.70 
91.0 
19.69 
17.27 
4.59 
57.8 
23.46 
12.72 
4.55 
79.4 
19.50 
13.73 
4.64 
79.4 
21.06 
16.14 
4.93 
100.9 
21.09 
18.08 
5.25 
120.9 
18.49 
19.33 
4.77 
82.0 
25.50 
16.72 
4.20 
81.7 
23.07 
15.94 
4.35 
g 
Table 20. Results, 7051 SUcrose 1 
Ileal 
Hours after feeding 
0 3 6 
April 18 
Reducing sugar8. 
Sucrose8, 
PEGa b 
Dry matter 
PH 
April 19 
.36 1.60 4.22 1.59 
0 50.26 22.73 .34 
3.33 4.84 7.89 6.16 
5.73 - 6.05 
7.60 7.30 6.65 7.70 
Reducing sugar .62 1.62 9.36 .30 
Sucrose .26 44.60 0 0 
EEG 4.66 5.26 4.05 3.50 
Dry matter 4.73 - 10.03 -
PH 7.90 7.35 5.95 8.00 
L 20 
Reducing sugar .39 4.56 4.30 .78 
Sucrose 0 26.41 22.27 5.72 
PEG - 4.20 6.45 7.66 
Dry matter - 9.08 - -
PH - 6.80 7.10 7.05 
amg/g of sample 
b per cent 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
.47 
.08 
3.35 
8.15 
21.93 
12.67 
12.72 
11.09 
5.15 
22.26 
1.73 
16.02 
11.74 
4.95 
25.72 
6.08 
11.91 
9.34 
4.45 
26.67 
3.18 
12.30 
9.96 
4.60' 
24.72 
0 
16.32 
10.56 
4.40 
.72 
.10 
6.18 
6.61 
7.45 
18.72 
0 
15.72 
12.40 
4.40 
8.85 
0 
18.92 
4.40 
3.10 
0 
19.65 
13.35 
4.80 
24.39 
0 
14.88 
10.96 
4.50 
13.42 
0 
16.83 
11.22 
4.30 
o 
ro 
.34 
.54 
8.30 
4.32 
0 
23.28 
12.86 
4.80 
10.15 
0 
19.62 
13.15 
4.45 
3.38 
0 
19.56 
14.19 
4.95 
12.42 
0 
15.60 
11.82 
4.30 
19.16 
0 
18.00 
14.53 
4.55 
Table 20. (Continued) 
Ileal Fecal 
Hours after feeding Hours after feeding 
0 3 6 9 12 0 3 6 9 12 
Average 
Reducing sugar .46 2.59 5.96 .89 .51 14.99 13.75 10.73 21.16 19.10 
Sucrose .09 40.42 15.00 2.02 .24 4.22 ,58 2.03 1.06 0 
PEG 4.00 4.77 6.13 5.77 4.76 17.24 18.19 17.04 14.26 17.05 
Dry matter 4.73 7.40 10.03 6.86 6.61 12.12 12.44 12.29 10.91 12.10 
PH 7.75 7.15 6.57 7.58 7.97 4.78 4.60 4.73 4.47 4.42 
104 
Table 21a. Results, 7051 Sucrose 2 (ileal fraction l) 
0 
Hours after feeding 
3 6 9 12 
June 6 
Reducing Sugar8, - - 12.69 - -
Sucrose - - 28.42 - -
EEGa  ^ - - 6.42 - -
Dry matter - - 5.71 - -
PH - - 7.20 - -
June 7 
Reducing Sugar - .47 - - 1.04 
Sucrose - .48 - - 0 
BEG - 2.07 - - 5.90 
Dry matter - - - - -
PH - 6.85 - - 7.15 
June 8 
Reducing Sugar .88 .64 6.98 9.91 -
Sucrose 1.00 .16 36.42 6.58 -
PEG 7.90 .75 8.56 10.98 -
Dry matter 4.18 - 6.29 5.13 -
PH 7.40 7.20 7.50 7.00 -
June 9 
Reducing Sugar - 2.60 2.56 11.34 03
 
CD
 
Sucrose - .32 28.88 4.46 0 
PEG - 2.43 5.44 11.82 4.41 
Dry matter - 5.50 4.74 4.87 4.10 
PH - 7.10 7.00 7.10 7.20 
Average 
Reducing Sugar .88 1.24 7.41 10.62 .71 
Sucrose 1.00 .32 31.24 5. 52 0 
PEG 7.90 1.75 6.81 11.40 5.16 
Dry matter 4.18 5.50 5.58 5.00 4.10 
PH 7.40 7.05 7.23 7.05 7.18 
amg/g of sample 
"kper cent 
105 
Table 21b. Results, 7051 Sucrose 2 (ileal fraction 2) 
Hours after feeding 
0 3 6 9 12 
June 6 
Reducing Sugar 
Sucrosea 
EEGa , 
Dry matter 
PH 
.41 
.35 
2.16 
7.60 
June 7 
Reducing Sugar .52 
Sucrose .77 
PEG 4.08 
Dry matter 5.22 
pH 7.00 
June 8 
June 9 
Reducing Sugar 
Sucrose 
PEG 
Dry matter 
PH 
.36 
0 
4.78 
7.10 
.50 
10.42 
1.05 
6.32 
7.35 
2.71 
5.34 
2.70 
5.32 
7.45 
7.87 
6.68 
2.98 
5.51 
7.25 
3.72 
30.38 
6.88 
5.54 
7.30 
14.24 
11.68 
9.66 
5.08 
7.25 
Reducing Sugar .48 2.06 8.15 
Sucrose 0 20.94 35.02 
PEG 5.97 3.97 8.91 
Dry matter 4.68 5.75 6.16 
pH 7.35 7.45 7.15 
6.42 
39.11 
7.50 
4.42 
7.30 
Average 
Reducing Sugar .44 3.28 8.13 
Sucrose .28 10.84 29.05 
PEG 4.25 2.68 8.24 
Dry matter 4.95 5.72 5.30 
pH 7.26 7.38 7.25 
4.10 
13.91 
10.12 
6.60 
9.74 
0 
16.04 
6.85 
5.80 
1.22 
10.88 
7.25 
6.55 
5.04 
12.35 
6.90 
.44 
.08 
4.83 
4.78 
7.55 
.38 
0 
3.88 
4.88 
7.35 
.72 
0 
4.40 
5.00 
7.45 
.51 
.03 
4.37 
4.89 
7.45 
"mg/g of sample 
per cent 
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Table 21c. Results, 7051 Sucrose 2 (fecal) 
Hours after feeding 
0 3 6 9 12 
June 6 
Reducing Sugar8, .28 0 0 1.96 
Sucrose8- 0 0 . 48 0 
PEG8, -h - 49.20 29.04 19.50 
Dry matter 21.36 20.80 - 12.40 
pH 7.15 6.80 7.25 5.45 
June 7 
Reducing Sugar - 1.77 .93 .47 .73 
Sucrose 0000
PEG - 36.96 33.72 40.44 28.64 
Dry matter - 19.62 
pH - 6.65 6.50 6.60 6.55 
June 8 
Reducing Sugar .58 .92 1.09 .27 .96 
Sucrose 0 .08 .74 .20 0 
PEG 28.80 38.13 38.16 32.88 33.31 
Dry matter 17.34 17.29 14.56 12.74 8.76 
pH 6.50 6.45 6.90 6.15 7.10 
June 9 
Reducing Sugar 2.02 1.28 - .12 .65 
Sucrose .48 . 28 - 0 .30 
PEG 38.04 34.44 - 24.48 47.52 
Dry matter 13.19 12.46 - 16.45 
pH 6.40 6.05 - 6.20 6.40 
Average 
Reducing Sugar .96 .99 .67 .70 .78 
Sucrose .16 . 09 .41 .05 .10 
PEG 33.42 39.68 33.64 29.32 36.49 
Dry matter 17.30 17.54 14.56 13.86 8.76 
pH 6.68 6.49 6.88 6.10 6.68 
amg/g of sample 
b per cent 
Table 22. Results, 7051 Sucrose 5 
Ileal 
Hours after feeding 
0 3 6 9 
July 23 
3.01 3.08 5.00 6.82 
.78 .12 40.08 14.77 
12.87 8.46 6.75 10,24 
6.81 6.93 5.92 -
6.95 6.65 7.25 6.10 
Reducing sugar8. 
Sucrose8-
EEGa b 
Dry matter 
PH 
July 24 
Reducing sugar .91 1.91 3.08 2.46 
Sucrose 0 39.76 19.80 .72 
PEG 6.39 5.28 6.90 9.13 
Dry matter 5.47 5.74 5.40 -
pH 7.20 7.50 7.20 -
July 25 
Reducing sugar 0 2.14 4.02 3.42 
Sucrose 0 50.66 20.96 1.30 
PEG .75 5.74 7.78 10.62 
Dry' matter 3.08 5.80 - 4.84 
pH 8.10 7.45 6.55 7.05 
amg/g of sample 
p^er cent 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
1.35 
0 
10.28 
6.20 
.84 
0 
23.13 
11.20 
4.90 
.30 
.62 
15.96 
12.16 
5.90 
.54 
.40 
19.68 
10.50 
5.85 
11.00 
0 
10.02 
8.82 
4.25 
2.11 
.28 
12.45 
11.30 
4.65 
.40 
.54 
4.58 
.18 
16.62 
8.84 
4.65 
7.80 
0 
10.42 
8.66 
4.55 
7.20 
0 
15.68 
4.60 
.84 
0 
7.83 
4.86 
7.10 
.64 
.02 
29.22 
10.26 
5.90 
0 
.78 
23.82 
6.60 
.27 
.14 
14.10 
11.44 
5.30 
11.87 
.58 
18.90 
8.56 
4.55 
Table 22, (Continued) 
Ileal Fecal 
Hours after feeding Hours after feeding 
0 3 6 9 12 0 3 6 9 12 
July 26 
Reducing sugar .34 2.08 2.64 .66 .14 6.74 - .36 1.38 9.34 
Sucrose .32 45.31 27.90 .28 .08 .32 - .38 .01 .21 
PEG 3.34 5.98 6.93 6.51 4.20 7.14 - 24.96 22.08 15.78 
Dry matter 4.83 6.56 3.54 - 4.22 7.61 - 11.58 11.00 8.59 
PH 7.30 7.55 7.50 6.90 7.90 4.70 - 6.20 6.00 4.60 
Average 
Reducing sugar 1.06 2.30 3.68 3.34 .58 3.20 .30 2.18 4.22 7.63 
Sucrose .28 33.96 27.18 4.27 .12 .13 .62 .39 .05 .27 
PEG 5.84 6.36 7.09 9.12 5.71 19.03 15.96 19.72 15.40 15.70 
Dry matter 5.05 6.26 4.95 4.84 4.54 9.48 12.16 10.25 10.42 9.48 
PH 7.39 7.29 7.12 6.68 7.07 5.04 5.90 5.80 5.18 4.60 
Table 25. Results, 7051 Lactose 
Ileal 
Hours after feeding 
0 3 6 9 
May 7 
Reducing sugar8, 
CH0a' 
.04 
.72 
.88 
.60 
4 
12 
.82 
.10 
0 
.23 
REGa c .51 13 .62 1 .64 .31 
Dry matter 2.38 5 .16 2 .19 2 .20 
PH 7.80 7 ,45 7. 75 8 .10 
8 
Reducing sugar .50 12 .14 3, .46 .44 
CHO 1.05 22 .40 8. 40 1 .45 
REG 2.51 17 .82 9, .36 5 .07 
Dry matter 4.58 - 5, .21 4 .21 
PH 7.25 6, .90 7, .20 7 .20 
9 
Reducing sugar .24 • 68 11. 32 1 .15 
CHO - 1. ,29 - 2 .29 
PEG .60 1. 84 5. ,66 3, .99 
Dry matter 3.92 7. 05 5. ,21 7, .94 
PH 7.70 7. ,00 7. ,35 6, .90 
amg/g of sample 
d^enotes carbohydrate 
Cper cent 
Fecal 
Hours after feeding 
L2 0 3 6 9 12 
.08 .18 .15 .07 .21 .09 
.58 .75 .74 .59 .68 .84 
.21 21.42 48.24 38.88 29.88 28.08 
2.94 22.58 21.52 19.94 22.28 20.36 
7.90 7.55 7.80 8.00 8.40 7.85 
.20 0 0 0 .48 
.92 .82 1.06 .84 1.52 -
1.38 23.82 31.08 24.24 49.92 -
4.14 22.18 23.67 22.20 22.72 -
7.85 7.45 7.40 7.65 7.60 
.62 0 .34 1.54 2.04 1.76 
.94 - - - -
3.32 25.08 38.88 34.32 22.56 25.56 
5.63 23.10 23.90 17.75 11.13 24.79 
6.90 7.45 7.30 6.15 6.05 7.50 
Table 23. (Continued) 
Ileal Fecal 
Hours after feeding Hours after feeding 
0 5 6 9 12 0 3 6 9 12 
Average 
Reducing sugar .26 4.57 6.53 .53 .30 .06 .16 .54 .91 .92 
CHO .88 8.10 10.25 1.32 .75 .84 .90 .72 1.10 .84 
PEG 1.21 11.09 5.55 3.12 1.64 23.44 39.40 32.48 34.12 26.82 
Dry matter 5.63 6.10 4.20 4.78 4.24 22.62 23.03 19.96 18.71 22.58 
PH 7.58 7.12 7.43 7.40 7.55 7.48 7.50 7.27 7.35 7.68 
y 
Table 24. Results, 7051 Starch 
Ileal 
Hours after feeding 
0 3 6 
May 22 
CH0a't> 185.0 256.0 10.6 46.0 
PEGa 4.38 1.71 2.85 24.36 
Dry matter0 22.39 28.15 
pH 6.10 6.90 7.75 5.55 
May 23 
CHO 212.6 207.0 81.0 90.1 
PEG 6.54 1.95 - 9.96 
Dry matter 21.75 23.26 13.21 23.81 
pH 6.40 6.30 7.60 7.60 
May 24 
CHO 201.6 220.0 190.8 113.0 
PEG 6.90 2.52 13.40 18.60 
Dry matter 20.18 - 18.54 34.24 
pH 6.25 6.55 6.40 6.60 
d^enotes carbohydrate 
bmg/g of sample 
c 
"per cent 
Fecal 
Hours after feeding 
12 0 3 6 9 12 
205.0 
3.54 
24.03 
6.70 
178.5 
3.96 
6.50 
95.1 
3.96 
12.28 
7.35 
62.6 
14.01 
12.12 
4.35 
190.6 
15.30 
30.74 
5.10 
73.6 
13.08 
11.92 
4.70 
194.6 
21.42 
30.62 
5.35 
62.0 
11.85 
11.58 
4.60 
97.6 
27.00 
17.08 
4.80 
158.5 
34.32 
26.16 
5.70 
119.8 
10.92 
16.41 
4.50 
116.6 
10.68 
21.12 
4.60 
202.0 
32.40 
5.95 
109.1 
10.62 
17.46 
4.25 
157.7 
8.67 
24.10 
4.35 
226.6 
32.88 
34.70 
5.80 
71.5 128.4 
14.58 24.72 
30.74 20.20 
4.65 4.45 
Table 24. (Continued) 
Ileal Fecal 
Hours after feeding Hours after feeding î 
0  3 6 9  1 2  0 3  6  9  1 2  
May 25 
CHO 150.6 203.2 155.0 50.0 127.6 164.8 170.6 137.9 191.6 
PEG 6.93 3.12 1.17 16.25 2.67 42.18 36.35 43.0 31.4 
Dry matter 22.51 - 19.90 - - 31.94 31.76 32.26 - 20.04 
pH 6.90 6.60 7.05 7.40 7.30 6.70 5.75 6.25 
Average 
CHO 187.4 221.6 109.4 74.8 151.6 122.4 141.8 114.0 157.5 164.5 H 
PEG 6.19 2.32 5.81 17.29 3.53 21.52 23.89 29.04 21.35 17.39 & 
Dry matter 21.71 25.70 17.22 29.02 18.16 26.38 23.62 21.77 18.76 24.08 
pH 6.41 6.59 7.20 6.79 6.96 5.20 5.06 5.34 5.02 4.80 
Table 25. Trial averages for Sucrose trials, mg/g of dry sample 
5180 Sucrose 1 6062 Sucrose 1 7046 Sucrose 1 7051 Sucrose 1 
Hours 
after Type Red. Red. Red. Red. 
feeding sample sugar Sucrose PEG sugar Sucrose PEG sugar Sucrose PEG sugar Sucrose PEG 
12 
Ileal 27.97 63.20 14.24 2.10 3.30 12.60 5 .22 8 .12 48 .76 13.10 5 .49 98.52 
Fecal 51.42 447.63 82.28 36.11 2.18 75.98 - - - 128.10 38 .08 140.83 
Ileal 16.21 433.73 41.40 58.76 348.20 35.66 30 .45 690 .22 132 .84 39.07 583 .99 65.36 
Fecal 39.62 425.91 79.39 6.28 1.34 48.22 49 .01 446 .71 133 .91 133.38 7 .36 142.82 
Ileal 18.74 633.23 58.38 67.90 146.62 49.21 37 .61 536 .55 142 .91 93.32 0 40.37 
Fecal 44.81 268.01 79.89 108.56 275.46 73.89 - - - 107.47 21 .70 137.51 
Ileal 12.69 398.18 43.70 3.81 6.65 15.54 58 .06 353 .85 177 .02 26.28 5, .61 101.81 
Fecal 37.57 255.87 82.78 97.20 136.40 78.14 - - - 198.45 10 .64 130.40 
Ileal 9.14 54.36 16.57 2.46 2.52 5.90 8, .68 24, .15 39, .75 10.89 1, .51 93.49 
Fecal 47.70 426.95 85.20 35.57 12.39 69.37 63 .76 304, .40 117, .41 161.85 0 142.81 
U 
Table 26. Trial averages for Sucrose trials, mg/g of dry sample 
5180 Sucrose 2 6062 Sucrose 2 7051 Sucrose 3 
Hours 
after 
feeding 
Type 
sample 
Red. 
sugar Sucrose PEG 
Red. 
sugar Sucrose PEG 
Red. 
sugar Sucrose PEG 
0 
Ileal 5.92 19.18 23.76 3.26 2.31 13.87 16.96 4.52 99.82 
Fecal 69.04 124.51 80.08 60.85 182.16 125.76 38.52 1.60 193.28 
Ileal 16.24 689.82 69.50 18.66 436.78 50.97 36.58 564.63 101.04 
3 
Fecal 37.14 182.17 59.01 59.93 154.18 127.08 2.46 5.09 131.25 
£ 
Ileal 9.23 532.42 56.98 41.00 461.96 71.93 72.02 610.60 145.85 
D 
Fecal 54.61 255.51 77.03 26.20 75.24 112.68 32.77 2.36 174.43 
0 
Ileal 6.23 208.29 37.42 17.02 121.35 58.06 70.66 26.85 219.42 
Fecal 74.50 375.06 102.65 61.60 159.01 115.43 46.54 .44 145.86 
12 
Ileal 5.69 24.99 17.34 2.19 5.70 23.52 10.30 .63 130.32 
Fecal 42.91 368.15 111.48 61.45 209.44 125.60 88.69 3.89 171.55 
g 
Table 27. Trial averages for Sucrose trials, mg/g of dry sample 
6062 Sucrose 3 7046 Sucrose 2 7051 Sucrose 2 
Hours 
after Type Red. Red. Red. 
feeding sample Fraction sugar Sucrose PEG sugar Sucrose PEG sugar Sucrose PEG 
Ileal 1 8.47 .61 75.12 62.63 0 111.92 21.05 23.92 188.99 
Ileal 2 9.46 2.55 62.66 16.25 119.22 80.00 10.10 7.38 102.86 
Fecal 21.36 14.55 152.88 2.07 0 116.35 12.63 1.21 227.24 
Ileal 1 33.61 475.40 68.84 20.48 472.48 82.73 47.27 5.81 44.18 
Ileal 2 35.96 572.01 73.82 26.73 510.36 68.86 59.37 187.91 47.62 
Fecal 66.27 184.06 219.66 64.71 89.14 125.96 6.15 
CO to 
230.46 
Ileal 1 28.76 570.25 82.56 196.04 380.06 108.06 129.07 562.00 121.09 
Ileal 2 33.45 584.47 87.99 40.22 617.24 90.04 156.25 557.91 157.16 
Fecal 62.94 186.10 124.42 32.54 .62 147.58 7.48 5.08 262.08 
Ileal 1 51.52 660.50 120.84 117.16 488.36 129.55 213.01 109.92 228.37 
Ileal 2 44.72 278.29 120.78 115.49 475.07 124.98 - - -
Fecal 31.45 244.79 133.62 8.27 11.33 182.99 6.21 .52 188.05 
Ileal 1 6.22 .72 48.11 193.82 9.08 144.82 9.26 0 107.56 
Ileal 2 24.36 2.38 53.18 5.40 4.60 73.20 10.46 .56 89.51 
Fecal 35.82 328.53 168.16 5.67 0 162.47 10.95 0 380.25 
Table 28. Trial averages for Lactose trials, mg/g of dry sample 
6062 Lactose 7046 Lactose 7051 Lactose 
Hours 
after Type Red. Red. Red. 
feeding sample sugar CHO BEG sugar CHO PEG sugar CHO BEG 
Ileal 3.29 20.42 30.33 - - - 6.24 26.58 30.51 
Fecal 1.21 85.85 79.93 
CV
J to 3.02 173.87 .26 3.69 103.61 
Ileal 39.82 94.92 53.64 107.01 299.13 296.73 13.34 14.96 145.02 
Fecal .77 5.34 59.99 .38 3.48 165.77 .70 3.95 172.71 
Ileal 12.79 37.90 58.61 - - - 167.92 356.86 121.05 
Fecal 1.65 6 s 44 53.20 .83 3.96 163.99 3.01 3.36 165.84 
Ileal 3.46 5.47 35.02 - - - 8.31 24.58 61.59 
Fecal 5.72 10.90 95.55 1.13 3.74 142.03 7.12 4.87 185.50 
Ileal 1.22 .79 18.80 - - - 6.19 20.97 33.14 
Fecal 1.53 5.47 85.05 .32 3.71 159.31 3.76 4.12 120.51 
atotal carbohydrate 
Table 29. Trial averages for Starch trials, mg/g of dry sample 
6062 Starch 7046 Starch 7051 Starch 
Hours 
after 
feeding 
Type 
sample CH0a PEG CH0a PEG CH0a PEG 
0 
Ileal 634.3 4.88 741.6 13.57 867.9 28.65 
Fecal 302.0 87.74 522.4 118.39 471.3 86.21 
•z 
Ileal 394.8 113.52 532.3 175.93 813.0 8.09 
O 
Fecal 368.4 54.46 467.5 169.76 629.4 100.68 
CT 
Ileal 585.4 88.24 467.8 217.77 807.1 38.94 
o 
Fecal 397.5 47.02 701.4 - 535.1 131.22 
Q 
Ileal 746.6 17.92 825.2 37.14 354.2 48.08 
Fecal 336.20 48.4 517.9 114.09 641.06 58.55 
12 
Ileal 
Fecal 
540.0 
339.5 
9.45 
79.24 511.2 144.79 
813.8 
644.1 
23.48 
63.79 
atotal carbohydrate 
